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ABSTRACT
The looper, Pseudoplusia includens (VJalker), was 
found to be the dominant looper on 'soybean in southwest 
Louisiana.
Seven species of parasites attacked P. includens. 
Copidosoma truncatellum and Apanteles scitulus were the 
major parasites, while Lespesia aletiae was of lesser 
importance.
Two fungal pathogens, Spicaria rileyi and Massospora 
sp., infected the looper larvae. Spicaria rileyi was found 
at all areas; whereas, Massospora sp. was associated with 
the dense looper populations in the cotton, corn, and 
soybean ecosystem.
The cotton, corn, and soybean ecosystem, which had 
the highest usage of insecticides, had the lowest rate of 
parasitism. The cleared hardwood forest ecosystem and the 
rice ecosystem had higher levels of parasitism, with the 
rice area having the highest. The latter areas had lower 
rates of insecticide usage than the cotton, Corn, and 
soybean area.
The natural control agents Spicaria, Massospora, and 
insect parasites played an important role in maintaining the 
looper populations at a level below the economic threshold 
in some areas but failed to exert enough pressure at others.
x
INTRODUCTION
This study was undertaken as a means of acquiring 
information on the effects of changes in agricultural eco­
systems on populations of Pseudoplusia includens (Walker). 
The tremendous increase in soybean production that has 
occurred in Louisiana and the concurrent increase in looper 
damage in some areas further contributed to the need for 
a study of this nature. The acreage planted to soybeans 
has increased from 193,000 acres in 1959 to 1 ,436 ,000 acres 
in 196$ (Fielder, Parker, and Penn 1969). This increase 
has occurred in three distinctly different ecosystems: 1)
the area of traditional cotton, corn, and soybean production 
where soybeans have been produced for more than 40 years as 
seed, feed, or green manure crops; 2 ) the recently cleared 
hardwood swamps in alluvial areas where over a half-million 
acres, that had never been planted to any crop, are now 
producing soybeans; and 3 ) the area of traditional rice 
production where about one-quarter million acres of soy­
beans are now produced on land that had never been planted 
to soybeans until about 1964-
These three agricultural ecosystems differ widely in 
their history of pesticide usage: 1) the traditional
cotton, corn- and soybean production area has had a long 
history of heavy pesticide application for control of
2cotton pests; 2 ) the rice area has had little previous 
pesticide application except aldrin which was used as a 
seed dressing for rice; and 3 ) the cleared hardwood forest 
areas has had no pesticide applications prior to soybean 
production.
Agricultural crops now grown in these three areas have 
different levels of looper infestations. This study was 
designed to evaluate the importance of biotic factors in 
the control of looper populations in relation to the three 
agricultural ecosystems. The looper, Pseudoplusia includens 
(Walker), was chosen for study for two reasons: 1) it
occurs on soybeans throughout Louisiana, and observation 
has indicated that its numbers in some areas have been 
increasing during the last several years; and 2 ) the soy­
bean plant can tolerate a considerable amount of defoliation 
without effect on yield, thus the growers do not apply insec­
ticides until defoliation reaches about 40 per cent. This 
prevents the pesticides from confounding the study of the 
natural control agents.
In August or September, the looper larvae in some areas 
cause damage to late-planted soybeans by extensive defol­
iation and growers must apply pesticides for control, 
thereby, adversely affecting non-target organisms and 
further polluting the environment with toxic materials.
Therefore, an understanding of the factors which are 
responsible for the different populations in the three 
agricultural ecosystems is important to the production 
of soybeans and the maintenance of a clean environment.
LITERATURE REVIEW
Pseudoplusia includens (Walker)
The looper, Pseudoplusia includens (Walker), (Lepidop- 
tera, Plusiinae) is an important pest of soybeans in Louisi­
ana and other southeastern states. It also attacks peanuts, 
sweet potatoes, cotton, tomatoes, crucifers, peas, and 
tobacco - (Hensley, Newsom, and Chapin 1964, Canerday and 
Arant 1966, and Mitchell 19 6 7)•
Chapin and Callahan (1967) collected adult P. includens 
in a light trap near Baton Rouge, Louisiana in late March, 
May, and again from July through December. They did not 
collect any adults during April or June. The writer col­
lected P. includens larvae on soybeans in June; therefore, 
this species is probably present in the state from March 
through December. Canerday and Arant (1966) collected 
adult P. includens in Alabama from May to October. These 
authors found the larvae to be most numerous in August and 
September. Canerday and Arant (19 6 6) stated that the species 
was distributed statewide but was more prevalent in central 
and southern Alabama.
Mitchell (1967) found that P. includens required an 
average of 29.6 days to complete development from the egg 
to adult, at SO°F. He reported average periods of devel­
opment for each stage, at SO°F,, as follows: egg— 3-1 days,
5larva— 19.6 days, and pupa--6.9 days. The average adult 
moth lived approximately 14 days with a pre-oviposition 
period averaging 4.1 days. Thus, a complete generation 
would require about 33 days. Canerday and Arant (1967) 
obtained similar results in their experiments with a total 
life cycle requiring 2 6 .4 days.
Mitchell (1967) observed that once oviposition began 
it usually continued until death of the moth. The fertile 
females deposited an average of 640 eggs, and the virgin 
females an average of 197 eggs.
Mitchell (1967) found that temperature and food greatly 
affected the growth of the larvae, with $0°F. being more 
favorable for growth than 60°F. and 70°F. He also observed 
that soybean leaves, as a food source, were more suitable 
for larval development than were cotton leaves. This may 
explain the reason why P. includens has not become a primary 
pest of cotton in the United States.
VJeather permitting, the optimum dates for planting soy­
bean are from May 1 to May 30 in northern Louisiana,. May 1 
to June 5 in central Louisiana, and May 10 to June 5 in 
southern Louisiana. Soybean varieties within a group mature 
in the following range when planted about mid-May: 1)
early-maturing--September 15 to October 1, 2) medium early- 
maturing-'-October 2 to October 20, 3) medium late-maturing—
6October 21 to October 30, and 4) late--maturing---October 31 
to November 7 (Anonymous 1963b). This time period would 
permit the development of three to four generations of 
loopers during the growing season. The third and/or fourth 
generation would be responsible for the high level of infes­
tation prevalent on soybean in August and September. High 
populations of larvae at this time may cause severe defoli­
ation of the soybean plants in various parts of the state.
Population dynamics
It is generally conceded that Andrewartha’s (1961) 
division of the environment into weather, food, other 
animals-and pathogens, and a place in which to live is an 
appropriate way to organize for study the major factors 
that control populations.
The modern system of monoculture provides an excellent 
environment for many insect species because it provides an 
abundance of food and places in which to live. Futhermore, 
many crops are present during the part of the year which is 
most favorable to the insect; therefore, the adverse effects 
of weather are reduced to catastrophic events, such as hail 
or rain storms. This leaves only other animals- and path­
ogens as effective natural control agents of agricultural 
crop pests.
Nicholson (1933) stated that "... if animals find, an 
environment suitable for their existence, they will increase 
in density until such a time as the severity of competition, 
together with the inherent resistence of the environment, 
just counterbalances the innate tendency of the animals to 
increase in density”. He further stated that were it not 
for the fact that competition holds populations in a state 
of balance with their environment, the populations would 
increase without limit until the physical factors inter­
vene.
Thus, he contends that it is the effectiveness of com­
petitors, predators, parasites, and pathop^ens vdiich deter­
mine the level of a given population; and, that the level 
at which a population exists will determine its economic 
importance.
There are many properties which are necessary for an 
organism to be an effective control agent. Nicholson (1933) 
thoroughly covered the complexities of the parasite-host 
relationship; therefore, these relationships are not exten­
sively covered in this review.
Nicholson (1933) stated that for the establishment of 
population balance, it is essential that a controlling 
factor should act more severely against an average individual 
when the density of the population is high, and less 
severely when the population density is low. ” In other
words, the action of the controlling factor must be governed 
by the density of the population controlled.” These factors 
-are thus considered to be density-dependent; whereas, those 
which exert the same amount of control, regardless of pop­
ulation density, are. called density-independent factors.
The modern system of monoculture provides an excellent 
opportunity to study the effects of parasites and pathogens 
in populations of various densities. The interactions of 
these factors play a vital role in the control of harmful 
insects during the short growing season. It is therefore 
• essential to know what specific role the various biotic 
factors play in the population dynamics of P. includens.
Parasitism
Preliminary studies showed that populations of P. 
includens were affected by seven species of parasites and 
two species of fungal pathogens.
Apanteles scltulus Riley. This parasite is generally 
distributed over the Eastern half of the United States and 
attacks a variety of hosts (Muesebeck 1921 and Muesebeck, 
Krombein, and Townes 1951).
Brachymeria ovata (Say). Howard (1697) stated that 
this species is found all over the United States and Canada, 
and is a very general parasite of Lepidoptera pupae.
Muesebeck et_ al. (1951) stated that over 100 species of
9Lepidoptera are attacked by this parasite. Nettles (1934) 
found that this species attacked 9 . 6 per cent of the 
oriental fruit moths in South Carolina.
Copidosoma truncatellum (Dalman). This parasite was 
reported as occurring from Quebec to Florida, west to Texas 
and Arizona (Muesebeck et al. 1951)- Lange (1945) found 
that this species parasitized 14 per cent of the Autographa 
egena (Guen.) larvae in California. Pimentel (1961) 
observed that 7 per cent of the Trichoplusia ni (Hubner) 
population was attacked by this parasite in New York State.
Mesochorus sp. This genus contains many species of 
hyperparasites of Apanteles spp. (Muesebeck et al. 1951).
The exact species involved in this study was not determined 
by Walkley (Personal communication) because the museum 
material required for its identification was on loan.
Meteorus autographae Muesebeck. Whiteside, Burbutis, 
and Kelsey (19&7) observed that slightly less than 1 per 
cent of.the green cloverworms, Plathypena scabra (F.) were 
parasitized by this species.
Rogas molestus Crees. This species was collected from 
larvae of Autographa sp. and Pseudoplusia rogationis (==?.
' includens) (Guen.) (Muesebeck et al. 1951). They listed its 
range as Louisiana, Texas, South Dakota, and Utah.
Chaetoph1epsis eudryae (Smith). This parasite was 
recorded as occurring in Massachusetts, Colorado, Arkansas,
10
Connecticut, and Mississippi (Smith 1916).
Lespesia aletiae (Riley). This species was reared from 
the cotton leafworm, Alabama argillacea (Hubner), collected 
in Alabama (Anonymous 1800).
Spicaria rileyi (Farlow) Charles
The genus Spicaria contains entomogenous fungi which 
attack several lepidopterous larvae (Petch 1'925 and Stein- 
haus and Marsh 1962).
Watson (1916) stated that the most efficient check on 
•populations of the velvet bean caterpillar, Anticarsia 
gemmatalis Hubner, was the disease called ’’Cholera”, which 
was caused, by Spicaria rileyi. He stated that sometimes 
during September or early October this disease became epi­
demic in the fields and that in a week’s time nearly exter­
minated the velvet bean caterpillar. He observed that 
although it was usually possible to find a few infected 
larvae in the fields at any time during the caterpillar 
season, it required favorable weather conditions to start 
the epidemics. Conditions favoring an epizootic seemed to 
be prolonged and rather cool rain such as frequently occur 
in late September in Florida.
Getzin (1961) observed an epizootic of Spicaria rileyi 
among the populations of the cabbage looper, T. ni, in the 
lower Rio Grande Valley of Texas. The climatic conditions
11
which he stated were optimal for larval infection, conidial 
growth, and spore production closely resembled those describ­
ed by Watson (1916).
Getzin (1961) observed that Spicaria infection was 
affected severely by temperature and relative humidity.
The optimum temperature for infection was from 15°-25°C.
At lower temperatures infection did not occur. Very little 
infection occurred below 90 per cent relative humidity.
Getzin (1961) observed that 6-12 hours of high humidity was 
sufficient for spore germination and the subsequent infection 
of the larvae.
In laboratory tests, Behnke and Paschke (19 6 6) obtained 
80 per cent mortality of T. njl larvae in 10 days, with a 
median lethal time (LT^q) of from 7-8 days. Getzin (19 6 1) 
obtained from k to 100 per cent mortality, depending on the 
temperature and relative humidity, in 6 -7 days, if newly 
hatched larvae were used.
Getzin (1961) found that disease incidence in third, 
fourth, and fifth instar T. ni larvae was extremely low; 
whereas, the earlier instars were more susceptible to 
Spicaria. Mortality usually occurred in the third instar, 
if larvae were treated upon emergence from the egg.
Gudaukas and Canerday (19 6 6) found.that S. rileyi was 
frequently associated with dead P. includens larvae on 
various crops in southeastern Alabama. These authors
12
obtained 100 per cent, mortality by the tenth day in larvae 
that were dusted with spores from cadavers collected in the 
field, but not more than 50 per cent of the larvae treated 
with a spore suspension were killed. No reason was presented 
explaining why the spore suspension caused a lower rate of 
infection than spores applied as a dust.
Getzin (19&1) observed the following symptoms in T. 
ni larvae infected with Spicaria: a yellowish to brown
color was evident, after cuticular penetration by the hyphae 
from the germinating spores; the developing hyphae filled 
the entire body, the larva became sluggish, and eventually 
died; and the mycelium then developed rapidly causing the 
cadaver to become stiff and mummified. Gudaukas and 
Canerday (1966) observed the same symptoms in their studies 
with P . includens.
One can conclude, based on the previous articles, 
that if a population of P. includens were to occur in an 
area where a supply of Spicaria spores existed that infection 
would occur, if the temperature and relative humidity were 
favorable. The looper population density would also be an 
important factor since the fungi are believed to be a 
density-dependent mortality factor. If the laboratory 
pathogenicity tests are a true judge of the virulence of 
Spicaria, a dense population of loopers should be suscep­
tible to control by this pathogen.
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Louisiana’s summers are characterized by high temper­
atures and high relative humidities at night (Anonymous 
1963a). These conditions are favorable for development of 
fungal pathogens. The presence of P. includens on soybeans 
provides an excellent host for this pathogen; hence, Spicaria 
should be one of the major natural control agents of loopers 
in Louisiana.
Massospora sp.
The family Entomophthoraceae has two genera, Massospora 
and Entomophthora, which are parasitic on insects. These 
two genera can be divided by the manner in which the 
conidia are borne. In Massospora the conidia are borne 
within the body; whereas, in Entomophthora the conidia 
are borne on conidiophores external to the body of the 
host (MacLeod 1963).
The genus Massospora has been studied little except 
in the 17-year cicada (Speare 1921 and Goldstein 1929).
There are several species of Massospora which attack such 
diverse groups as TJiptera, Colooptera, and Homoptera 
(Soper 1963), but only M. cicadina and M. levispora are 
considered to be valid species by MacLeod (1963).
The genus Entomophthora contains many species which 
attack lepidopterous larvae (Steinhaus and Marsh 1962). 
Entomophthora sphaerosperraa Fresenius was isolated from
14
larvae belonging to a looper complex of Rachiplusia ou 
(Guenee) , Automrapha precationis (Guenee), and T. ni 
collected in northern Indiana (Yendol and Paschke 1967).
The incidence of the disease was high throughout July and 
August and subsided during the early part of September.
In a group of 315 field-collected looper larvae, the mortality 
due to the fungus attained 53 per cent within 12 hours, and 
an additional 9 per cent of the larvae were infected, as 
indicated by hemolymph samples.
Epizootics
The presence and importance of insect pathogens in the 
control of insect populations is well recognized. When a 
pathogen is continually present in the population and is of 
low incidence, it is called an enzootic disease, ’whereas, 
at high incidence it is called an epizootic. The disease 
may oscillate at intervals between enzootic and epizootic 
phases depending on a complex of interacing factors (Tanada 
1963).
Tanada (1963) stated that there are three primary 
factors contributing to the causation and development of 
epizootics: a) the host population, b) the pathogen
population, and c) an efficient means of transmission. He 
stated that the numbers, movement, and spatial distribution 
of the individuals in a population can influence the inci-
15
dence and magnitude of epizootic. He further stated that 
once infections have been initiated in the host population 
the pathogen, in time, may increase rapidly in numbers and 
may give rise to an epizootic.
Smith (1935) stated that in general the pathogens act 
as density-dependent mortality factors. Epizootics among 
insect populations usually occur under high host densities, 
but they may develop at relatively low densities, if the 
infectious stage of the pathogen is abundant (Tanada 19&3)• 
Large amounts of innoculum may be the result of previous 
epizootics or an epizootic in an alternate host.
It is generally known that microbial pathogens are 
sensitive to the physical factors in the environment. They 
usually enter their host through the integument (Baird 195$ 
and Hall 1961), and are therefore susceptible to regulation 
by the physical factors in the environment. The lack of 
adequate moisture can prevent infection by inhibiting spore 
germination or subsequent growth of the penetrative stages, 
even though the host may be susceptible. The presence of 
proper moisture conditions in the microclimatic zone sur­
rounding the host is essential for sucessful infection. 
Baird (195$) stressed the importance of the microclimate in 
the success or failure of a fungal pathogen.
MATERIALS AND METHODS
Locations and descriptions
Looper larvae and pupae were obtained by making v/eekly 
collections at three sites in Louisiana. The sites were 
chosen as representative of the three different types of 
agricultural ecosystems previously described.
The Lacassine site was located in reclaimed marshland 
of southwest Louisiana, about 10 miles west of Lake Arthur, 
Louisiana, on the Lacassine Planting Company, Inc. property. 
This site covered approximately 100 acres. Prior to begin­
ning soybean production in the area in 1965 there had been 
little previous pesticide application except aldrin which 
was used as a seed dressing for rice. The rice seed was 
treated at 0 .2 5 pounds of aldrin per 100 pounds of seed 
and was seeded at the rate of about 110 pounds per acre.
Rice is planted in a three year rotation; therefore, land 
planted to rice received an average of only 0 .25 pounds of 
aldrin every third year.
Luring 1963, this site was seeded to three soybean 
varieties. A study plot was established in each variety, 
and a number was assigned to each plot. Plot number 1 
was seeded to Hood, plot number 2 to Hampton, and plot 
number 3 to Bragg. In the second year, plots number 1 and 2 
were seeded to Hood; whereas, plot number 3 was seeded
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to Lee.
The Krotz Springs site was located about seven miles 
west of Krotz Springs, Louisiana, and approximately five • 
niiles south of Highway 190. The three study.plots were 
established in fields which had been hardwood forest two 
years prior to the study’s initiation* The plots had.'been 
seeded to soybean the previous year, and one application of 
methyl parathion had been applied at one-half pound per acre.
In 196$, the three study plots were seeded to the Ogden 
variety of soybeans. In 19&9, the initial locations were 
changed, because of the late planting date. The new study 
plots were located about a half-mile south in the same 
field which was composed of approximately 2000 acres. Plots 
number 1 and 2 were seeded to the Dare variety and plot
number 3 to the Lee variety.
The Bunkie site was located approximately one mile 
north of Bunkie, Louisiana, adjacent to Highway 71. The 
fields had been planted to a corn, cotton, and soybean 
rotation for many years prior to the study.
Plots number 1 and 3 were seeded to the Lee variety, 
and plot number 2 to Bragg in the first year. In the
second year, study plots number 1 and 2 were seeded to the
Dare variety; and plot number 3, which had been moved closer 
to plots number 1 and 2 because of the construction of a
1 8
house on the original plot, was seeded to the Lee variety.
The plots at the three sites were selected in early 
June 1968 and 1969 when the soybean plants were from 1 to 
8 inches in height. The plots were selected with regard 
to plant uniformity within each plot, age, and proximity 
to one another. An effort was made to select plots which 
differed about one week in age. In the second year's study, 
the number 1 plots represented the older beans, number 2 the 
middle-aged beans, and number 3 the youngest beans. The 
plots were selected as close together as the above criteria 
would permit.
Methods of collection
The looper larvae and pupae \vere collected with a 
1 5-inch diameter cloth insect-net by making 100 sweeps at 
10 different locations in each plot. When the numbers of 
larvae were extremely low, additiorual sweeps were taken to 
try to increase the number of larvae per sample. These 
additional sweeps were taken in the plots which had previ­
ously yielded the greatest number of larvae. The numbers of 
larvae per 100 sweeps were used to determine the population 
density of each site at weekly intervals.
In addition to sampling the population by sweep-net 
in 1968, a complete check was made of each plant including 
all leaves and stems on 50 feet of row in each plot.
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These counts were made in an attempt to establish the 
relationship between the number of larvae collected by 
the sweep-net method and. the actual number of larvae that 
were present.
As the larvae were collected, they were placed in 
6 x 3  x 15 inch plastic bags and were later transferred 
to jelly dishes (Premium Plastics, Inc., Chicago) which 
contained a synthetic medium for Heliothis sp. (Berger 
1963). When no medium was available, the plastic bags 
were placed in a styrofoam ice chest containing ice.
Plastic bags and jelly dishes containing larvae were 
transported to the laboratory in the ice chest. At the 
laboratory, the larvae, as packaged, were stored over­
night in a refrigerator. The larvae in plastic bags were 
subsequently individually placed into jelly dishes with 
sufficient medium to rear one larva to pupation. Two slight 
changes were made the second year. The larvae were placed 
directly into jelly dishes as they were collected, and the 
culture medium was changed to a pinto bean diet developed 
by Burton (19 6 9)•
The jelly dishes were stored on trays in a temperature 
cabinet at SO°F.^: 3°P» and a photoperiod regime of 14 
hours light: 10 hours dark. A large tray of water was
placed in the cabinet to help maintain the relative humidity 
at approximately the saturation point.
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Processing the larvae
Larval identification was based upon the characteris­
tics presented by Crumb (1956), Canerday and Arant (1967), 
and Eichlin and Cunningham (1969). The adults were identi­
fied using the characters of Habeck (1963).
The larvae were observed at one-or two-day intervals, 
at which time the numbers of insect parasite larvae or adults 
that emerged and the numbers of larval deaths caused by S. 
rileyl were recorded. The larvae which died from unidenti­
fied causes were combined into an unknown mortality group. 
These larvae may have died because of physical damage, 
microbial pathogens, parasites which had already emerged 
prior to capture, or from other unknown causes. In the 
first year’s study, the Bunkie larvae which died from 
Massospora were placed in the unknown category because the 
cause of death was not known at that time, but during the 
second year the larvae succumbing to Massospora were record­
ed for the Bunkie site.
Initially, a system was devised whereby the parasites 
could be identified as a type, based upon; 1) the pupal 
case characteristics; 2) the manner in which the adult 
emerged from the pupal case; or 3) the adult’s charact­
eristics. Although such identification was purely utilitar­
ian, it was helpful in interpreting the first year’s data.
The system proved accurate in all cases of hymenopterous
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parasites, but the two tachinid parasites were grouped and 
treated as one type.
Some parasite larvae did not form a pupal case, and 
subsequently they died. These were not recorded as a type, 
because of the lack of identifying characteristics; but 
they were included among the other data to determine total 
parasitism. The looper larvae that died of unknown causes 
were not dissected because they were being observed for 
Spicaria infection. Dissection of the dead larvae could 
have disrupted development of the fungus.
The larvae viere recorded as having succumbed to S. 
rileyi if they exhibited the symptoms observed by Getzin 
(1961) and Behnke and Paschke (1966) on T. n_i (Fig. 1). 
Identification of diseased larvae was made by Dr. Batra 
of the USDA, ARS, Insect Pathology Laboratory.
The epizootic which occurred in the Bunkie looper
*
population in 196$ prompted the investigator to collect 
data on this pathogen in 1969. The identification of the 
pathogen as Massospora sp. (Thompson and Batra, Personal 
communication) aided in recording the data. This pathogen 
did not exhibit symptoms similar to those in the cicadas; 
therefore, the investigator used the symptoms which are 
described in the following paragraphs as indicative of 
a Massospora infection.
Figure 1. Pseudoplusia includens larvae that died from 
Spicaria rilevi infection.
\
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Symptoms of Massospora infection
The two major symptoms of mortality were satis­
factorily categorized by the "brown phase" and the "black 
phase". The larvae exhibiting the "brown phase" symptoms 
were still further divided based upon the presence or 
absence of external mycelium. In the former group, the 
larva’s body was collapsed and covered with a whitish 
mycelium similar to Entomophthora (Yendol and Paschke 1967) 
(Fig. 2). In the latter group, the larva’s body was col­
lapsed but no external mycelium was present; however, 
internal conidia were observed (Fig. 3). There were also 
some dead larvae with collapsed bodies but they did not 
possess internal or external conidia. However, upon close 
examination, fragments of hyphal bodies were observed in 
the cadavers. These larvae appeared to have secondary 
infections of bacteria which dissolved the cadavers.
In the field, the larvae exhibiting the "brown phase" 
symptoms were observed hanging from the upper leaves of 
the soybean plant. These cadavers remained attached to 
the leaves for several weeks. The dried exoskeleton was 
very rigid and did not break apart very easily. It was 
observed, both in the field and laboratory, that this 
stage usually preceded the "black phase" in the population.
In the "black phase", the larvae turned a yellowish-
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Figure 2 Pseudoplusia includens larva exhibiting the 
"brown phase" symptoms similar to Entomophthora 
spp.

2$
Figure 3• Pseudoplusia includens larvae which exhibited
the symptoms peculiar to the "brown phase", and 
the internal conidia (magnified 40X) which are 
associated with this phase.
*V, ' - ^
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green, and had darkened areas visible along the sides of the 
abdomen before death. The larvae, were sluggish and flaccid. 
After death, the cuticle turned light brown and progressed 
to a dark black. The internal organs were liquified, and 
the body cavity was filled with partially matured or matured 
azygospores (Fig. A).
In the field, the dead larvae that exhibited the ’’black 
phase” symptoms were observed hanging in an elevated position 
at a 45° angle from the leaf of the soybean plant. After 
several days'in this position the larvae became laterally 
compressed, and the exoskeleton was extremely brittle. The 
anterior portion of the larva broke off and only that part 
of the larva posterior to the abdominal prolegs remained 
attached to the plant. These cadavers did not endure as 
long as the ’’brown phase” cadavers which'remained attached 
in a scale-like flattened condition to the leaf for several 
weeks.
Samples of the insect parasites were sent to the 
United States Department of Agriculture, Entomology Research 
Division, Insect Identification Branch, Washington, D. C.
The parasites were identified by the following: P. M.
Marsh~(A. scltulus, M. autographae, and R. molestus); L. M. 
V/alkley-(Mesochorus sp.): B. D. Burks-(B. ovata and C. 
truncatellum); and C. W. Sabrosky-(C. eudryae and L. aletiae).
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Figure I+. Pseudoplusia includens larvae which exhibited
the symptoms peculiar to the ’’black phase”, and 
an azygospore (magnified /tOX) which is associated 
with this symptom.
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Samples of fungal infected larvae were sent to the Insect 
Pathology Laboratory, Entomology Research Division, ARS, USDA, 
Beltsville, Maryland and to the laboratory of Insect Pathology, 
University of California, Berkeley, for identification. The 
diseased looper larvae which were submitted to the USDA, were 
diagnosed as having succumbed to a species of Massospora 
(Thompson and Batra, Personal communication). These investi­
gators believed the species resembled M. tipulae Porter, 
based upon azygospores which were abundant in the dead larvae.
Laboratory test with Spicaria rileyi
A laboratory test was conducted in which larvae were 
dusted with spores of Spicaria taken from field collected 
cadavers of both loopers and velvet bean caterpillars. The 
larvae were obtained from a culture maintained in the labora­
tory on a synthetic diet (Burton 1969).
The test consisted of a check and treated group of 25 
larvae for each of the six instars. The treated larvae 
were dusted with spores by means of a small camel’s hair 
brush. Larvae were placed singly, in small jelly dishes 
containing the synthetic medium and held in temperature 
cabinets under conditions as previously described.
The larvae were observed daily and the number that died 
from Spicaria infection were recorded. Larvae that died from 
other causes were placed in the miscellaneous group.
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Field test with Spicaria rileyi
A field test was conducted in which a suspension of 
Spicaria spores was distributed in an attempt to start an 
epidemic in the dense looper population at Bunkie, Louisiana. 
The fields were divided into six study areas. Each area 
consisted of a check and a treated plot of approximately 1 
acre. The plots were 12 rows wide and about 1,200 feet 
long. In each area, one plot was randomly selected for 
treatment with a spore suspension while the check plot was 
not sprayed.
Sporulating cadavers of looper larvae and velvet bean 
caterpillar larvae were collected from Lacassine, Louisiana, 
on August 23 and September 2, 196 9. On the morning of 
September 5, 1969, the cadavers were placed into Erlenmeyer 
flasks containing 0.05 per cent Triton X-100 (Alkyl phenoxy 
polythoxy ethanol supplied by Rohm and Haas) solution. The 
flasks were agitated until the solution turned light green, 
and the suspension was then decanted. Additional solution 
was again added and agitated until the solution no longer 
turned green. The spore suspension was filtered through 
two layers of cheesecloth into six plastic containers each 
containing 20,000 ml. of suspension. Using a hernocytometer 
and a compound microscope (Seiverd 1953), the spore suspension 
of each container was examined. The average spore count for
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the six containers was 12.3 x 1cA spores per cu. mm.
Later that afternoon, the spore suspension was trans­
ported to Bunkie and sprayed at 6:45 P. M., September 5,
1969* The suspension was sprayed by a Piper Pawnee airplane 
at the rate of 2 gallons per acre. The swath of the plane 
was 40 feet wide and about 1,200 feet long.
This late hour v;as chosen to reduce the length of time 
that spores would be exposed to sunlight and to take advant­
age of the high relative humidity that usually occurs at 
night in the Bunkie area (Anonymous 1963a).
There was a brief rain shower about 30 minutes prior to 
application of the spore suspension; thus, the humidity was 
extremely high after the application. There was no meas­
urable rainfall on the treated area during the subsequent 
36 hours.
In order to evaluate the effect of this application, 
approximately 50 larvae were randomly collected in each plot 
prior to spraying; and additional collections were made 3 , 7 , 
and 12 days after the application. The larvae were placed 
in plastic jelly dishes containing a pinto bean medium 
(Burton 1969). These were transported to the laboratory 
and observed as previously discussed. The per cent mortal­
ity due to Spicaria and Massospora was recorded for each 
sample. The Massospora datum was recorded because of the 
effect that an epizootic of this pathogen would have had on
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the results of the Spicaria test.
Population estimations
Estimates were made of the number of larvae per acre 
at the three sites in 196$ and 1969. The estimates were 
made using the data obtained, from the 100 sweeps per plot 
in 196$ and 1969, and from the actual larval counts by 
inspection of all the plants on 50 feet of row in 196$.
The number of larvae per acre was estimated by multiplying 
the number of larvae collected with a given technique by a 
factor which served to convert these data to number of larvae 
per acre. The estimations based upon the sweep-net samples 
were calculated by the following method: The 15-inch sweep-
net was estimated to cover an area of approximately 1.2 square 
feet per sweep; therefore, 3 6 ,300 sweeps would amount to about 
one acre of surface area. If the number of larvae per 100 
sweeps was multiplied by 3 6 3, an approximation of the number 
of larvae per acre was obtained.
The population estimations based upon the' larval counts 
per 50 feet of row were calculated as follows: The rows
were 36 inches wide at Lacassine and Krotz Springs but were 
40 inches wide at Bunkie. Therefore, the number.of larvae 
per foot of row at Lacassine and Krotz Springs was multiplied 
by 14,520 to obtain an estimation of the number of larvae per 
acre. The number of larvae per foot of row at Bunkie was
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multiplied by 13,0S1 to'obtain an estimate of the population 
density per acre.
Effect of parasites and fungal pathogens 
on the estimated populations
Per cent parasitism and fungal infection were applied 
to the weekly population estimations to determine the effect 
of these mortality factors on the populations. The estimated 
generation intervals were based upon the field data and the 
laboratory studies of Mitchell (196?). Average per cent 
parasitism and fungal infection per generation were used to 
estimate the combined effect of these mortality agents on 
each generation.
Analysis of data
The differences in parasitism and fungal infection 
were analyzed statistically (P-0.01) using the Analysis of 
Variance and Duncan’s Multiple Range Test (Li 1961). The 
effect of the spore suspension was also analyzed by the 
above method.
RESULTS
Parasites
Eight species of parasites emerged from the looper 
larvae collected during the two-year study. Five hymen- 
opterous parasites and one hyperparasite were recorded 
as well as two tachinid parasites and one species of 
nematode.
Apanteles scitulus Riley was found to be most abundant 
at the Lacassine site in 1963 and 1969. In 1963, this 
species was found almost exclusively at Lacassine; whereas, 
in 1969 the other areas had appreciable numbers (Table I).
The adults emerged from larvae collected from mid-June until 
late August at Lacassine (Fig. 5)* The Krotz Springs and 
Bunkie specimens emerged from larvae collected from late 
July until mid-September (Fig. 5)* This parasite was respon­
sible for most of the early season parasitism at the 
Lacassine site. Many of the parasite larvae which emerged, 
but were not identified, appeared to be Apanteles.
Forty adults of the hyperparasite Mesochorus sp. 
emerged from looper larvae in 1963, but no specimens were 
collected in 1969 (Table I), and the reason for its absence 
could not be determined. Thirty-eight of those collected 
were from Lacassine. This genus contains hyperparasites of 
Apanteles spp.; thereby, probably accounting for its
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Table I. The number of identified parasites collected at Lacassine, Krotz 
Springs, and Bunkie, Louisiana, in 1968 and 1969.
Lacassine Krotz Snrings Bunki.e Total
Species 1963 1969 1963 1969 1968 1969 1968 1969
A. scitulus Riley 31 43 1 15 1 14 .33 72
Mesochorus sp. 33 0 1 0 1 0 40 0
B. ovata (Say) 0 0 • 6 0 0 0 6 0
C. truncatellum (Balm.) 79 17 86 64 35 24 250 1.06
L. aletiae (Riley) 1/ 9 0 21 4 8 3 33 7
M . autoeraphae Mues. 16 1 6 6 0 0 22 . 7
R. molestus Crees. 3 3 1 11 0 0 4 9
Total number of 
identified parasites 176 69 122 90 95: 41 393 201
Total number of 
parasitized larvae 424 101 161 94 114 41 699 236
Per cent identified 41.5 63.3 75.8 95.7 83.3 10 0 .0 56 .2 35.2
1_/ Only one specimen of the tachinid group was identified as £. eudryae.
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Figure 5 Occurrence and prevalence of the parasites 
and pathogens of the looper larvae in 1963 
and 1969.
Samples periods
Species
June
1 ;
July
4
August September
7 1 9 10 TT 12 13 14 15
A. scitulus Riley . 
.Mesochorus sp.
B. ovata (Say)
L. aletiae. (Riley) 1/
C_. truncate H u m  (Balm,) 
M. autograohae Mues...
R. molestus Crees.
A gamermls decaudatus 
Spicaria rileyi 
Massosnora s p .
ES5S3
J_/ Only one specimen of Chaetoohlepsis eudryae v:as collected.
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presence at Lacassine. In 1963, Lacassine was the only 
area with appreciable numbers of host for this hyperparasite. 
Since species of this genus are hyperparasitic on Apanteles 
spp., it was reasonable to assume that the presence of 
Mesochorus indicated that a larva was originally parasitized 
by Apanteles. Therefore, the original per cent Apanteles 
scitulus parasitism was more than double the number indi­
cated for Lacassine (Table I).
Six Brachymeria ovata (Say) adults emerged from 
looper pupae collected at Krotz Springs (Table I) during 
late August through early September 1963 (Fig. 5). This 
parasite was obtained from field-collected’pupae, but not 
from specimens collected as larvae or prepupae in the field; 
thus, this parasite probably parasitized the pupal stage 
only. Few pupae were collected in 1969 and no specimens 
were obtained.
Copidosoma truncatellum (Dalrn.) was the dominant insect 
parasite at Krotz Springs and Bunkie in 1963 and 1969 (Table 
I). At Lacassine, C. truncatellum and A. scitulus were 
about equal in 1963, when the Mesochorus specimens are 
ascribed to and included, with A. scitulus, but in 1969 A. 
scitulus was more abundant (Table I). This species was 
found parasitizing looper larvae throughout the study period 
at all sites, but was most abundant from mid-July until late 
August (Fig. 5).
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Forty-five specimens of two tachinids, Chaetophlepsis 
eudryae (Smith) and Lespesia. aletiae (Riley), emerged from 
looper larvae. Only one specimen was identified as G. 
eudryae while the others appeared to be L. aletiae. These 
parasites were collected at all sites, but were more abun­
dant at Krotz Springs (Table I).
Meteorus autographae Mues. emerged from looper larvae 
collected in mid-July and were found parasitizing larvae 
during the remainder of the study (Fig. 5)* This species 
was more numerous at Lacassine in 196$ and at Krotz Springs 
in 1969.
Rogas molestus Crees. emerged from larvae collected 
during July, 196$ and throughout the stiidy period in 1969 
(Fig. 5). However most of the parasitization occurred at 
Lacassine (Table I).
The nematode, A game rm is decau.datus , (Identified by 
Birchfield, Personal communication) emerged from three 
looper larvae collected at Krotz Springs. The larvae died 
after the nematodes emerged.
Total insect parasitism 196$
A total of ?.?$$ looper larvae were collected from the 
three study sites during the thirteen-week'study period, June 
17 until September 13, 196$ (Table II). Six-hundred and 
ninety-nine of the looper larvae were parasitized (Table II); 
a total of 25.1 per cent.
Table II. The number of looper larvae collected at Lacassine, Krotz Springs, and 
Eunkie in 1968 and 1969, and the number that were parasitized. Jy
Lacassine Krotz Springs Bunkie
1968 1969 1963 1969 1968 1969
¥ eek: A* B** A B A B A B A B A B
1 191 44 41 17 14 3 1 1 a.
2 104 58 27 9 3 1 0 - 6 2 - mm
3 102 73 30 11 15 4 0 — 7 2 1 0
4 128 82 33 6 — — —
s\ 0 8 2 0 —
5 157 76 153 24 23 5 47 3 6 2 4 1
6 39 13 17 4 74 19 3
A
\ 22 1 3 1
7 62 30 8 1 31 9 27 3 — - 8 1
3 20 10 33 5 49 • 6 66 2 56 8 47 5
0
s' 34 28 33 ‘ 6 105 36 140 23 117 14 93 ■8
10 11 6 50 14 253 76 117 21 578 56 183 5
11 17 4 50 3 190 19 157 10 138 3
12 11 0 167 12 231 13 195 . 17
13 0 1 185 6 118 4 185 0
14 — 24 3 235 0
15 2 0 0 - 15 0
915 L24 497 101 576 161 938 94 1 306 114 1107 41
1/ Based upon data in Table3 XX , XXI, ' and XXII.
f\ «*•*A '* ' Number of larvae collected.
Number of larvae parasit ized •
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The Lacassine site had 4 6.3 per cent of the looper 
larvae parasitized; Krotz Springs 2S.4 per cent; and Bunkie 
£.7 per cent (Table III). Analysis of variance of the data 
showed significant variation in the per cent parasitism 
among the three sites. Duncan’s Multiple Range Test 
indicated that there was significantly higher parasitism at 
the Lacassine site than at Krotz Springs or Bunkie with 
significant differences among all sites, respectively. The 
weekly population counts are presented in Table IV.
Apanteles scitulus and C. truncatellum were the pre­
dominant parasites at Lacassine, accounting for $4 per cent 
of the identified, parasites, if Mesochorus sp. is attributed .
A* scitulus parasitism. The other parasi.tes were of 
minor importance.
At Krotz Springs, £. truncatellum and L. aletiae 
accounted for 90 per cent of the identified parasites.
The same situation existed at Bunkie where 9$ per cent of 
the. parasites were these two species (Table I).
The area which had high A. scitulus parasitism, Lacassine, 
also had a large number of unidentified parasites (Table I). 
Many of these unidentified parasites resembled A. scitulus 
larvae or pupae; therefore, this parasite may have accounted 
for a larger percentage of the parasitism than was noted.
At Krotz Springs and Bunkie, \vhere parasitism by A. scitulus 
was low, the percentage of unidentified parasites was low.
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Table III. Per cent of the looper larvae that were
parasitized at Lacassine, Krotz Springs, and 
Bunkie in 1963 and 1969. 1_/
Lacassine Krotz Springs Bunkie
Week 1963 1969 1963 1969 1963 1969
1 23.2 41.5 21 .4 100 .0 ---
2 55.3 33.3 33.3 ---- 33.3 — --
3 . 7 1 .6 36.7 4 0 .0 23.6 0 0 .0
4 64.1 1 g. 2 ---- 0 0 .0 2 5 .0 ----
5 48.4 15.7 21 .7 17 .6 33.3 25 .0
6 33.3 23.5 25.7 33.3 4.5 33.3
7 48.4 12,5 29.0 11.1 —— > 12.5
3 5 0 .0 15-2 12.2 3 .0 14.3 10.6
9 33.3 ig.2 34.3 16 .4 12.0 3.6
10 54.5 2g.O 30.0 13.0 9.7 2.7
11 23.5 6.0 10.0 6 .4 2.2
12 0.0 7.2 5.6 3.7
13 11.1 3.2 3.4 0.0
14 12.5 0.0
15 0.0 _ tll, , >l0 0 . 0
Ave. 4673 20 .3 23.4 10.0 3.7 3.7
J_6~"T3ased upon data in Tables XX, XXI, and XXII.
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Table IV. Average number of larvae collected per 100
sweeps in weekly samples at Lacassine, Krotz 
Springs, and Bunkie in 196$ and 1969. 1_/
Lac assine Krotz Springs Bunkie
Wee k 196$ 1969 196$ 1969 1968 1969
1 --- 0.3 0.0 ---
2 0.7 0.$ 0.2 0.0 ” 0.0
3 2.4 0.$ 0.0 0.0 ——— 0 .03
4 3.5 0.3 0.0 0.1 0 .03
5 0.8 0.5 0.3 0.1 0.1
6 1 .0 0.3 1.6 0.1 0.1 0.1
7 1.1 0.0 1.3 0.3 0.0 0.1
$ 1.1 0.3 1 .0 1.4 0.2 0 .9
9 0.4 1.1 2.3 3.2 0.6 3 .0
10 0.-3 1.2 6.0 8.2 1.0 3.9
11 0.1 1.5 9.$ 13.7 19.2
12 0o5 28.7 37.4 161.3
13 0.3 6.8 10.8 187.4
14 1.0 12.3
15 0.1 0 «0 .. 0.4
1_/ Based upon data in Tables XXIII and XXIV.
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Total insect parasitism 1969
During the fifteen-week study period, June 19 until 
September 24, 1969, a total of 2,542 looper larvae were 
collected from the study sites (Table II). , Two-hundred 
and thirty-six of the larvae were parasitized, a total of 
9.3 per cent.-”'
The Lacassine site had 20.3 per cent of the looper 
larvae parasitized; Krotz Springs 10.0 per cent; and Bunkie 
3.7 per cent (Table III), respectively. The differences in 
parasitism were statistically significant (P=0.01). The 
weekly population counts are presented in Table IV.
Copidosoma truncatellum and A. scitulus were the pre­
dominant parasites at the three locations in 1969. These 
two species accounted for $7 per cent, SB per cent, and 95 
per cent of the identified parasites at Lacassine, Krotz 
Springs, and Bunkie, respectively. Apanteles scitulus 
was the most abundant parasite at Lacassine while £. 
truncatellum again dominated the Krotz Springs and Bunkie 
sites. The other parasites were of little importance in 
1969 (Table I).
Percentage parasitism was considerably lower in 1969 
than in 196$ (Table III). Copidosoma truncatellum pop­
ulations were much lower at Lacassine and Bunkie and 
moderately lower at Krotz Springs. Meteorus autographae
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and _L. aletiae were also severely reduced in numbers. 
Apanteles scitulus parasitism increased at Krotz Springs 
and Bunkie, but was slightly ^educed at Lacassine wheh 
Mesochorus parasitism of A. scitulus was considered.
Spicaria rileyi 196$
Spicaria was first found in the looper populations in 
mid-July and was present during the remainder of the season. 
Lacassine and Bunkie had the highest incidence of this 
pathogen (Table V). These two areas represent the lowest and 
highest looper population densities, respectively (Table IV).
At Lacassine, Spicaria exerted its influence in the 
latter part of the season when parasitism was somewhat 
lower. There was a fluctuation in the per cent infection 
which represented the epizootic wave.
At Lacassine, the first increase in Spicaria infection 
coincided with a population density of approximately one 
larva per 100 sweeps, while the second increase coincided 
with a larval density of 0.3 per 100 sweeps; thus, these 
two peaks occurred 'when the host population was relatively 
low.
The incidence of Spicaria was fairly low at Krotz 
Springs in 196$. The pathogen appeared in July, then 
disappeared for two weeks. There was a slight rise in 
incidence towards the end of the season (Table V).
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Table V. Per cent of the looper larvae that were infected 
with S, rileyi at Lacassine, Krotz Springs, and 
Bunkie in 196? and 1969. J_/
Lacassine Krotz Springs Bunkie
Week 1968 1969 19b?" 1-9*59 1968 1969
1 0.0
00
0.0 0.0 —  _
2 0.0 0.0 0.0 — « 0.0 ------
3 . 0.0 0.0 0.0 0.0 0.0
4 3 .7 0.0 •0 »m 0.0 0.0 —  —
5 9.3 0.0 9 .5 0.0 0.0 0.0
6 17.9 0.0 0.0 0.0 9.0 0.0
7 14.5 0.0 0.0 0.0 0.0
3 5.0 3 . 0 4.1 1.5 37.5 2.1
9 7.1 0.0 2.9 1.4 14.5 0.0
10 36.4 10 .0 7.9 5.1 3 2 .2 0.0
11 0.0 3 0 .0 6.3 16.6 0.0
12 100o0 29.9 3.9 1.0
13 44.4 62.7 22.9 0.0
14 --------- 5 0 .0 0 .9
15 100.0 0.0
•T7 Based upon data in Tables VIII:, XII, and XIII.
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This rise in incidence was correlated with an increase in 
looper density.
In 1963, Spicaria appeared in late July at Bunkie, 
Louisiana. The incidence of infection was higher in this 
area. The highest incidence occurred when the host density 
was relatively low. The incidence of infection fluctuated 
from that point onward, but did not quite reach that level 
again, even though the density of the host greatly increased 
(Tables IV and V).
Spicaria rileyi 1969
Spicaria appeared in the looper population on the 
eigth week of the study. Lacassine and Krotz Springs had 
the highest incidence of the pathogen (Table V).
At Lacassine, Spicaria occurred shortly after an 
increase in looper density. There was a sharp rise in the 
incidence of infection from the tenth week to the twelfth 
week and then a slight drop, followed by another increase.
After Spicaria was first detected at Krotz Springs the 
incidence of the disease progressed steadily upwards. The 
presence of the pathogen coincided with an increase in host 
density, but the highest per cent infection occurred after 
the highest host density.
Spicaria was extremely rare at the Bunkie site in 1969* 
The host population increased in a pattern similar to that
4 6
of the previous year, but the per cent Spicaria infection 
did not increase as in the previous year.
Laboratory test with Spicaria rileyi
In the check group, none of the larvae were infected 
with Spicaria, but some died from miscellaneous causes.
The first two instars had a higher mortality rate than the 
later instars (Table VI). In the treated group, mortality 
from miscellaneous causes was also highest in the earlier 
instars.
In the treated group, mortality from Spicaria infection 
was greatest in the earlier instars. The second and third 
instar larvae had 44 and 56 per cent infection, respectively.
Field test with Spicaria rileyi
The application of Spicaria spores in the six study 
plots at Bunkie did not cause an epizootic in the looper 
population (Table VII). Spicaria infection was not signi­
ficantly higher in the treated plots than in the check 
plots.
Massospora sp. 1969
Data on this pathogen were not collected in 196$ for the 
previously discussed reasons. In 1969, Massospora appeared 
in the looper population at Bunkie in the eigth week of
Table VI. Per cent total mortality and the'time required for 50 per cent mortality 
of P. includens larvae treated topically with spores of S. rileyi.
Check
Instar
Number 
of larvae
Per
Total
Spicaria
cent
mortality
Miscellaneous
l t50
(Days)
1 25 0.0 16.0
2 25 0.0 4.0
3 25 0.0 0.0
4 25 0.0 0.0
5 25 0.0 4.0
6 25 0.0 0.0
Treated
1 25 2S.0 24.0 11 .0
2 25 44.0 16.0 S.4
3 25 56 .0 0.0 7.9
4 25 20.0 0.0 7.2
5 25 4.0 0.0 7.0
6 25 0.0 0.0 ---
-p--o
Table VII. Percentage of looper larvae infected with S. rileyi in the treated 
and untreated plots at Bunkie, Louisiana in 19&9.
•
Samul.es
1 2 3 4
Replications Check Treated Check Treated Check Treated Check Treated
1 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0
2 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0
3 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0
4 0.0 4.0 0.0 0.0 0.0 0.0 5.7 0.0
5 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0
6 0.0 2.0 0.0 2.0 0.0 0.0 0.0 5.1
-p-
oa
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the study (Table VIII). The percentage of infection was 
low until the twelfth week, after which Massospora became 
the major mortality factor in the host population. The 
appearance of this pathogen coincided with an increase in 
host density.
The larvae collected in the six study plots at Bunkie 
were observed for Massospora infection, as well as, for 
■Spicaria infection (Table IX). There was no significant 
difference in mortality between the check and treated plots; 
therefore, the Spicaria suspension did not alter the 
effectiveness of this pathogen. In these plots, the per 
cent mortality increased from an average of 49c$ per cent 
prior to the test to $7.0, 94*7, and $1.2 per cent at 3, 7, 
and 12 days after application, respectively.
The peak of the epizootic was reached between the 
twelfth and seventeenth of September. This time schedule 
compares favorably with the information obtained from the 
larvae collected in the weekly samples at Bunkie.
Population estimations
Estimations of the number of larvae per acre differed 
greatly between the two sampling methods. At Lacassine in 
196$, the sweep method yielded estimates of 5$1 } 5$1 , and 1 $2. 
larvae per acre in the first, second, and third generation 
respectively (Table X). The row count method gave estimates
Table VIII. The percentage of 
rilevi and unknown
looper
causes
larvae which died due to insect 
in 1968 and Massospora in 1969
parasites, S.
, at Bunkie, La.
e^ek
Number
of
larvae
collected
“Per
cent
of. .larvae 
parasitized
Per Per 1/ 
cent . cent 
S. rileyi Massospora 
infection infection
Per cent 
mortality 
from unknown 
causes
Per
cent
total
mortalitv
1
2
3
4
5
6 nf
8
Q
10 
1 1 
12 
13
o
7
r\o
6
22
56
117 
578 
157 
231
118
33.3 
28.6 
2 5 .0
33.3
4.5
14.3 
12.0
9.7
6.4
5.6
3.4
.0.0
0*0
0.0
0.0
9.0
37.5
14.5 
3 2 .2
16.6 
3.9
22.9
1963
50.0
42.9
50.0
15.6
36.4
19.6
22.2
41.5
59.2 
77.1
59.3 .
83.3
71.5 
75.0
49.9
49.9
71.4
48.7
83.4 
82.2
86.6 
85.6
1969 •
1 - - -- -- — - -- --- -- ---
2 - -- -- — _ — —.
3 1 0.0 0.0 C . O 100.0 100.0
M- 0 ---- — — -- -— — _ _ — —
5 4 2 5 .0 0.0 0.0 0.0 • 2 5 .0
6 3 33.3 0.0 0.0 0.0 33.3
7 8 12.5 0.0 0.0 2 5 .0 37 .5
8 47 10.6 2.1 8.5 4 .3 25.5
9 93 8.6 0.0 14.0 8.6 31 .2
10 183 2.7 0.0 8.7 '12.0 23.4
11 138 2.2 0.0 10.1 10.9 2 3 .2
12 195 8.7 1 .0 21 .5 15.9 47.1
13 185 0.0 0.0 85.5 13.9 99.4
14 235 0.0 0.9 75.3 . 20.4 96.6
15 15 0.0 0.0 53.3 33.4 86.7
17 Mortality from Massospora was calculated for Bunkie in 1969 only.
Table IX. Percentage of looper larvae infected with Massospora in the six study
plots which ’were used in the Spicaria test at Bunkie, Louisiana in 1969.
Replication
Samples
A\ 2 3 4
Check Treated Check Treated Check Treated Check Treated
1 66.0 32.0 92.1 91.9 96.0 100.0 95.0 33.4
2 3 0 .0 6 4.O - 84.0 76.0 96.0 93.0 93.0 93 o 1
3 33.0 31-1 32.0 83.0 ■ 95.9 90.0 100.0 74.0
4 33.7 72.0 86.0 96.0 39.8 97.9 43.6 76.0
5 64 .0 67.4 33.0 100.0
to•O'- 90.0 78.6 85.7
6 32 .0 62 .0 9 0 .0 70.0 100.0 92.0 63.0 69.3
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Table X. Estimated number of larvae per acre using the 
sweep-net and row-count calculations from 
Lacassine, Krotz Springs, and Bunkie in 1968 and 
the efficiency ratio between these two methods 
of collection.
Estimates 1_/ Estimates 2_/ 
based upon based upon 
row-count . sweep-net 
Generation collections collections Ratio Ave.
Lacassine
1 1307 531 2.3-1
2 4937 531 3.5-1 8.7
3 2759 132 15.2-1
Krotz Springs
1 290 3'6 3.1-1
2 5372 545 9.9-1 7.6
3 551S 1162 4.8-1
Bunkie
1 262 36 7.3-1
2 1331 73 25.1-1 13-8
3 50355 5699 8.9-1
1 / 
2/
Based upon data 
Based upon data
in T 
in T
ablesXXV, XXVI, and XXVII. 
ables XIV, XV, and XVI.
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of 1,307, 4,937, and 2,759 larvae per acre for the respec­
tive generations. The estimates based upon row counts were 
2.3, 3.5, and 15 .2 times greater than those based on the 
sweep-net collections. Thus an average of S.7 larvae were 
present for each one collected by the sweep-net.
At Krotz Springs in 1963, estimates based on sweep-net 
collections averaged 3 6 , 5 4 5, and 1,162 larvae per acre for 
the three generations while the row counts averaged 2 9 0, 
5 ,3 7 2, and 5,513 larvae per acre in the respective genera­
tions. The estimations based upon the row counts were $.1, 
9*9, and 4.3 times greater than the estimates based on the 
sweep-net collections, for an average of 7.6 to one.
At Bunkie in 1963, the estimates based on the sweep-net 
method of collection yielded an average of 3 6 , 73, and. 5,699 
larvae per acre for the three generations, while the esti­
mates based on the row count method yielded an average of 
262, 1,331, and 50,355 larvae per acre. The estimations 
based upon the row counts were 7*3, 2 5.1 , and 3.9 times 
greater than the estimates based on the sweep-net collec­
tions, for a ratio of 13.3 to one.
In 1969, only the sweep-net was used as a collection 
method; therefore, the population estimations were based 
upon that data. At Lacassine, the first, second, third, and 
fourth generations had an estimated average of 213, 109,
399, and 73 larvae per acre, respectively (Table XI). At
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Table XI. Estimated number of larvae per acre for each 
generation at Lacassine, Krotz Springs, and 
Bunkie, Louisiana, based upon the sweep-net 
collections in 19©9. J_/
Generation Lacassine Krotz Springs Bunkie
1 218 15
2 109 182 109
3 399 4538 17025
4 73 944 24212
J_/ Based upon data in Tables XV, XVII, and XIX.
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Krotz Springs, no larvae were collected during the time 
period corresponding to the first generation because of the 
late planting date. The second, third, and fourth genera­
tions had an average of 1£2, 4,538, and 944 larvae per 
acre, respectively. At Bunkie, the first, second, third, 
and fourth generations had an average of 15,109, 17,025, 
and 24 ,212 larvae per acre, respectively.
DISCUSSION
This study measured insect parasitism and fungal 
diseases of the looper larvae and did not include parasi­
tism and fungal infection of other life stages or the 
influences of climatic conditions and predators, even 
though they may have been major factors in the population 
dynamics.
Lacassine 196&
The looper populations were composed of 75 per cent P. 
includens and 25 per cent T. ni for the first four weeks, 
after which the population was practically all P. includens. 
The looper population started to increase in early July but 
then declined. The high percentage of parasitism and the 
appearance of Spicaria coincided with the .decline of the 
looper population (Table XII). The first population peak 
was reduced primarily by parasitism, but from that point 
onward both parasitism and Spicaria infection decimated the 
looper population. Spicaria played a more important role as 
the season progressed. On the tenth week of the study, 
these two agents gave approximately 100 per cent control. 
This high mortality reduced the population to near extinc­
tion.
Parasitism was primarily due to A. scitulus and C. 
truncatellum with the former parasite being responsible
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Table XII. The percentage of looper larvae which died due to insect parasites.., S.
rileyi, and unknown causes in i963 and 1969, at Lacassine, Louisiana.
Number Per ua er Per cent Per
of cent cent -mortality cent
larvae of larvae S. rileyi from unknown total
Ueek collected parasitized infection causes ..mortality
1968
1 191 • 23 .2 0 e 0 46.5 69.7
2 104 55.3 0.0 23.8 8 4.6
3 102 71.6 0.0 13.7 85-3
4 128 64.1 n>J * i 10.3 78.1
5 1 57 4 8 .4 -9<i8 30.3 33.5
6 39 33.3 17.9 15.4 66.6
7 62 43.4 14.5 24.2 37.1
8 20 50.0 5.0 35.0 90.0
QS 34 33-3 7.1 4 6 .4 86.3
10 11 . 54.5 36.4 9.1 100.0
11 17 23.5 0.0 47.0 70.5
1969
1. 41 41.5 0.0 24.4 65.9
2 27 33.3 0.0 55.6 33.9
3 30 36.7 0.0 4 6.6 83.3
4 33 13.2 0.0 30.3 48.5
5 153 15.7 0.0 38.6 54.3
6 17 23.5 0.0 1 1 . 8 35.3
7 3 12.5 0.0 0.0 12.5
8 33 15.2 3.0 15.2 33.4
9 33 18.2 0.0 15.2 33.4
10 50 23.0 10.0 12.0 50.0
11 50 6.0 3 0 .0 14.0 50 .0
1 2 11 0.0 100.0 0.0 100.0
13 
1 1.
9 11.1 44* 4 44.4 99.9
I
15 2 0.0 100.0
1 0
 
1 
.
1 0
 
1
100.0
for most early season parasitism and the latter for most 
late season parasitism.
The grower applied one pound of technical Sevin dust 
twice during August to control stink bugs, Nezara viridula 
(L.) and Euschistus spp. and velvet bean caterpillars, 
Anticarsia gemmatalis. These treatments did not reduce 
the looper population to any great extent (Table IV). The 
parasitism rate did not decline greatly, although it did 
decrease slightly after these applications.
Mortality due to unknown causes fluctuated rather 
widely in the Lacassine area (Table XII). There was no 
general rise in deaths from unknown causes as the season 
progressed. No unknown pathogen caused an epizootic in the 
looper populations.
Loopers were observed to be the major lepidopterous 
larvae at Lacassine in 196$. There were some velvet bean 
caterpillars towards the season’s end; however, their pop­
ulation level was relatively low. Thus, alternate hosts for 
the parasites and pathogens were not abundant or if so they 
were not detected.
Lacassine 1969
The looper populations followed a similar pattern in 
1969, except the early season increase was absent (Table IV). 
The species of loopers in the populations were composed of 
about the same ratio as occurred in 196$.
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The percentage parasitism was relatively high in early 
summer then declined as the season progressed (Table XII).
The rate of parasitism was lower in 1969 than in 1968. This 
reduced rate of parasitism may have been due to an abundance 
of bollworm larvae, Heliothis zea (Boddie), in the early part 
of the season and large numbers of velvet bean caterpillar 
larvae in the latter part of the season serving as preferred 
alternate hosts for some of the parasites. Apanteles 
scitulus was observed emerging from H. zea larvae.
Apanteles scitulus and C. truncatellurn were again the 
main insect parasites, and Spicaria was the major microbial 
pathogen. Spicaria appeared at Lacassine much later in 1969 
than in 1968, but was a much more efficient control agent in 
1969. There was a large velvet bean caterpillar population 
in 1969, and a Spicaria epizootic erupted in the looper and 
velvet bean caterpillar populations. The epizootic deci­
mated these larval populations. The velvet bean caterpillar 
larvae provided the dense larval population that was needed 
for the epizootic. The amount of inoculum was large enough 
to infect 100 per cent of the looper population. Spicaria 
was therefore responsible for the drop in the population 
in September. The parasitism rate declined when Spicaria 
became prevalent; hence, this pathogen was either 
infecting larvae that wore parasitized or was preventing 
the parasites from attacking the infected larvae. If the
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parasites attacked infected larvae or if parasitized larvae 
were infected, the larvae succumbed to the fungus before'the 
parasite emerged.
The grower treated the study plots with one pound of 
technical Sevin dust per acre, between the eighth and ninth 
week, for control of velvet bean caterpillars. This applica­
tion did not reduce the looper population. In fact, the pop­
ulation increased for several weeks following the applica­
tion. Parasitism increased for two weeks following the 
application then dropped abruptly. The dust did not provide 
good control of the velvet bean caterpillar larvae; however, 
an epizootic of Spicaria nearly exterminated the velvet bean 
caterpillar larvae. Thus, the drop in parasitism was probably 
due Spicaria and not the insecticide.
Sevin dust did not drastically affect the looper popula­
tions or parasitism; thus, this insecticide could be used to 
control other more susceptible pests than loopers and velvet 
bean caterpillars without upsetting drastically the natural 
control agents.
Mortality due to unknown causes was lower in 1969*
This lower mortality may have been due to the change in 
collection procedure; whereby, the larvae were placed direct­
ly into the medium dishes. This prevented some physical 
damage ’which was possible in.the first year’s study. No 
unknown pathogen caused an epizootic in this looper popula­
tion.
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Krotz Springs 196#
The looper populations were composed almost exclusively 
of P. includens. A few T. ni larvae were collected in June, 
but after the first of July only P. includens were collected.
The looper population remained at a low level until the 
last few weeks of the study. Parasitism was responsible for 
much of the early season control, because Spicaria did not 
appear in the population until the fifth week of the study.
The level of parasitism was fairly constant, but did not 
reach the levels obtained at Lacassine. Copidosoma trunca­
te H u m  and L. altetiae were the predominant parasites at Krotz 
Springs. These two parasites were present during most of 
the season.
Insect parasitism and Spicaria did not give the high 
level of control obtained at Lacassine, yet the looper pop­
ulation was held fairly constant until the last few weeks 
(Table IV). The fields were sprayed with one-half pound of 
methyl parathion for bean leaf beetle control around the last 
of August. The insecticide application may have been 
indirectly responsible for the increase of the looper pop- 
ulation. The looper population may have been suppressed by 
competition with the expanding bean leaf beetle population.
The beetle population readied such a high level that compe­
tition for leaf surface could have become a problem. The 
beetles defoliated about 50 pen cent of the leaf surface in
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plots number 1 and number 2 and about 20-30 per cent in plot 
number 3» This activity could have had t\\ro effects on the 
loopers: 1) reduction of the food source; and 2) the beetles
could have destroyed the looper eggs while feeding and craw­
ling over the leaves. The increase in loopers at the experi­
ment’s end coincided with the reduction of the beetle popula­
tion a few weeks prior; therefore, the insecticide application 
appeared to have released the pressure on the loopers. If the 
beetle competition was in fact the reason for the suppression, 
then it was a very important control factor.
There was a drop in parasitism shortly after the 
insecticide application, but the level 'was restored (Table 
III). This slight decrease in parasitism was also involved 
in the looper.population increase. The population may have 
expanded further, but maturity and subsequent defoliation of 
the soybean plants caused the investigation to be discon­
tinued .
The level of Spicaria infection remained low throughout 
the study period, and probably did not contribute greatly to 
the control, of the looper populations.
The percentage of mortality due to unknown causes 
peaked in August. If this mortality was inherent in the 
normal population, and not an artifact of collecting, then 
this was one of the reasons that the population remained low 
in late July and early August. The population increase
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coincided with the decrease in mortality from unknown 
causes. The looper population was therefore controlled 
by at least four factors: 1) the level of parasitism, 2) 
Spicaria, 3) competition from the bean leaf beetle popula­
tion, and 4) mortality due to unknown causes.
There were very few other lepidopterous larvae observed 
in the study plots which could have served as alternate hosts 
for the parasites or pathogens.
Krotz Springs 1969
The looper population reached a higher level in 1969 
(TableIV) and was again composed almost completely of P. 
includens. Parasitism was lower, but the rate of Spicaria 
infection was much higher. Copidosoma truncateHum was 
again the principal parasite, while k. scitulus replaced L. 
aletiae as the second most important parasite in 1969. There 
was a large population of velvet bean caterpillars in the 
study plots, and they may have provided a preferred alternate 
host for some of the parasites thereby reducing the rate of 
looper parasitism. However, if the velvet bean caterpillar 
larvae were not preferred and if parasites are density-depen- 
.dent, then parasitism should have increased.
The bean leaf beetle population did not reach very high 
levels in 1969. This coincided with an expanded looper pop­
ulation, thus providing circumstantial evidence that the bean
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leaf beetle infestation may have been partially responsible 
for some.of the control exerted on the 1963 looper popula­
tion.
The high level of Spicaria infection in loopers was 
caused by ah epziootic in the large velvet bean caterpillar 
population. The velvet bean caterpillars became so abundant 
that the growers sprayed the plots with one quarter-pound of 
methyl parathion around the tenth week of the study. The 
insecticide application may have been partially responsible 
for the increase in the looper population a few weeks later 
by killing the parasites and predators. Parasitism dropped 
slightly after the application, but was more than likely 
caused by the increase in Spicaria infection (Table XIII).
Methyl parathion did not control the looper populations 
to any great extent. The application of this insecticide 
reduced the competitors, parasites, and predators; and per­
mitted the loopers to increase in numbers.
The per cent mortality attributable to unknown causes 
increased in the last four weeks of the study. Some of this 
mortality was probably caused by Spicaria, but the symptoms 
were possibly masked due to secondary invaders, such as 
bacteria. These secondary organisms could have destroyed 
the cadavers before Spicaria became evident. Some of the 
mortality was also attributable to Massospora which was 
present at very low levels in 1969.
Table XIII. The percentage of looper larvae which died due to insect parasites, S.
rileyi, and unknown causes in 1968 and 1969, at Krotz Springs, Louisiana.
Week
Number
of
larvae
collected
Per
cent
of larvae • 
oarasitized
Per
cent
S. rileyi 
infection
Per cent 
mortality 
from unknown 
causes
Per
cent
total
mortality
1968
1
2
•?
1**
5
6
7
8 
0
10
14 
3
15
23
74
31
49
105
253
21 .4
33.3
40.0
21 .7 
25.7
2 9 .0  
12.2
34.3
30.0
0.0
0.0
0.0
9.5
0.0
0.0
4.1
2.9
7.9
21.4 
3 0 .0  
27.0
33.3
'47.3
53.7 
46.9 
21.0
17.8
42.8
63.3
67.0
64.5
73.0
82.7 
63 .2  
58.2
55.7
1969
1
( 1 100.0 0.0 0.0 100.C
2 0 _  _  _  M —  —  — _  _
0 _  —  _ —  —  — «  an b b  pat .
4 1 0.0 0.0 0.0 0.0
5 17 1 7 .6 0.0 17.7 35.3
6 ;> 33.3 0.0 0.0 33.3
7 27 11.1 0.0 22.2 33.3
8 66 3 .0 1 .5 12.2 16.7
9 140 1 6 .4 1.4 11 .0 . 28 .8
10 117 18 .0 5.1 2 3 ,6 4 6 .6
11 190 10.0 6.3 36.3 5 2 .6
12 167 7.2 29.9 26.4 63.5
13 185 3.2 3 0 .8 30 .8 96.7
14 24 12.5 3-3.3 33.3 95.8
15 0 «  »•••<«« ... -------- —
O v
V*
66
In 1969, the looper populations were maintained at 
a fairly low level by insect parasites and Spicaria. The 
insect parasites exerted their influence during early 
summer, and Spicaria during the latter part of the season. 
Without the high incidence of Spicaria in September, the 
looper population could possibly have reached a level of 
concern to the farmer.. The incidence of Spicaria was due 
to an epizootic in the velvet bean caterpillar larvae, but 
the level of infection was not as high as at Lacassine.
This may have been due to the fact that the insecticide 
application eliminated the velvet bean caterpillar popula­
tion which was the primary host of Spicaria. This reduced 
the larval density, thus reducing the effect of this density 
dependent agent.
Bunkie 196S
The looper population was composed almost exclusively 
of P. includens. The level of infestation increased slowly 
until early August, after which the population increased 
exceedingly fast (Table IV). Parasitism was fairly high in 
the early part of the season but dropped abruptly after the 
fifth week. From that point onwards, parasitism was of 
little sir;nif icance. Copldosoma truncatellum and L. aletiae 
were the principal parasites.
When parasitism declined, Spicaria began to occur and
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became the major control factor. The level of Spicaria 
infection increased with the expanding looper population, 
but then abruptly declined and rose again ip two weeks. This 
decline could have been caused by the absence of susceptible 
instars, unfavorable climatic conditions, or interference 
from Massospora. A great percentage of the "unknown" mor­
tality was caused by Massospora. This pathogen was respon­
sible for the sharp decline in the looper ^ population. This 
high rate of Massospora infection would reduce the incidence 
S p icaria unless larvae infected with Spicaria were immu­
nized to Massospora infection.
The level, of Spicaria infection was higher at the 
Bunkie site than at the other two areas, but this did not 
coincide with an adequate parasite infestation. The absence 
of insect parasites rnay have been the factor which caused 
the increase in the looper population.
The experimental plots were sprayed with various 
insecticides on August 19> 1963, in an attempt to control the 
loopers. These insecticides did not greatly reduce the pop­
ulation. Three-hundred and twenty larvae collected one week 
after the application gave the'following results: 63 per cent
died of Massospora, 6.3 per cent died from Spicaria, and 0.9 per 
cent were parasitized. Therefore, the Massospora epizootic 
was responsible for the population decline, but whether or 
not the spraying was directly responsible for the occurrence
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of the epizootic at that particular time was not known. In 
the control plots and in the untreated- fields nearby, the 
loopers contracted the disease at the same time; therefore, 
the insecticides probably were of no consequence to the 
occurrence of the epizootic at that particular time.
The percentage of larvae that died from unknown causes 
increased in late August and September (Table VIII). 
Approximately 77 per cent of the larvae collected in the 
twelfth week died from nunknown” causes. A large percent­
age of this mortality was subsequently attributed to 
Massospora . This pathogen was beleived to be associated 
with high density populations, since an epizootic did not 
occur at Lacassine or Krotz Springs where the looper popula­
tion levels were relatively loi*/. The Lacassine larvae were 
not infected with Massospora in 1963 and 1969, but the larvae 
collected at Krotz Springs in 1969 had a very low rate of 
infection; thus, inoculum was present, but it may not have 
been present in sufficient amounts to cause an epizootic.
If inoculum was present, then the low level of density was 
the controlling factor.
Bunkie 1969
The looper population followed the same pattern in 1969 
that it had followed in 1963 with the exception that the 
population reached a higher level of density in 1969.
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A relatively high percentage of parasitism occurred in 
early summer, but this began to decline towards the end of 
July.. The same pattern had occurred in 1963. The decline 
of parasitism coincided with the application of insecticides 
for cotton pests in the adjacent cotton fields. Jopidosoma 
truncatellum was the predominant parasite while C. eudryae 
and A. scitulus were of secondary importance in 1963 and 
1969, respectively.
Spicaria did not exert much.influence on the looper 
population in 19 6 9• The low rate of Spicaria infection and 
parasitism may have been the reason why the looper popula- ' 
tion reached such a high level of density. Bunkie had the 
Jlowest rate of Spicaria infection in 1969 and the highest in 
1963, even though the population density was highest in both 
years.
Massospora was the major mortality factor in the dense 
looper population at Bunkie. The appearance of this path­
ogen coincided with a population density of from approxi­
mately 20-50 larvae per 100 sweeps. The pathogen occurred 
in late August through September. Massospora accounted for 
about 36 per cent of the mortality in mid-September, but 
decreased after that point. The per cent mortality from 
unknown causes increased with the.decline in Massospora; 
therefore, some of this unidentified mortality was probably 
due to Massospora. However its symptoms were masked by
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secondary invaders.
In both years, Massospora occurred in late August and 
early September‘when the looper population had reached a 
high density. In 1969> a Massospora epizootic did not occur 
in the Krotz Springs looper population even though it reached 
a level of density comparable to the 196$ Bunkie population. 
The absence of this pathogen at Krotz Springs, in epizootic 
proportions, may have been due to: 1) an inadequate host
density, 2) lack of sufficient inoculum, and/or 3) unfavor­
able climatic conditions. The first explanation appears 
to be more likely because some larvae died from Massospora; 
thus, a source of inoculum was present, and the climatic 
conditions do not vary greatly in southwest Louisiana 
during the summer (Anonymous 196$a). This pathogen exhibited 
the density-dependent relationship that is generally accepted 
for microbial pathogens (Nicholson 1933 and Tanada 1963)•
The symptoms of E. sphaerosperrna as described by Sawyer 
(1933) and Yendol and Paschke (1967.) closely resembled the 
symptoms displayed by some of the looper larvae collected at 
Bunkie, Louisiana. There were also some larvae which bore 
conidia internally in a manner similar to Massospora. It is 
therefore possible that there were two pathogens involved in 
the epizootic of P. includens larvae at Bunkie, Louisiana.
One being in the genus Massospora, and the other in the genus 
F.ntomophthora; or the organism is an undescribed species of
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one of the above genera which has characteristics similar to 
both of these pathogens.
Laboratory test with Spicaria rileyi 
»
The first instar larvae did not succumb to Spicaria as 
readily as the second and third instar larvae. The diffi­
culty in applying spores to tiny first instar larvae could 
have been the reason for the reduced infectivity. The per­
centage infection was approximately half of that obtained by 
Getzin (1961) on T. nj. larvae.
The second and third instar larvae were the most 
susceptible to Spicaria. Getzin (1961) obtained similar 
results on second instar T. ni larvae, but the third instar 
T. ni_ larvae were more resistant.
The median lethal time (LT^q) ranged from 7 to 11 days 
and averaged approximately 7 days. This time period was 
similar to that obtained by Getzin (1961) and Behnke and 
Paschke (1966) on T. ni larvae.
Miscellaneous mortality occurred mostly in the first 
and second larval instars in both the check and treated 
larvae. This may have been due to physical damage incurred 
while handling and treating the small larvae. In the treat­
ed larvae, some infected with Spicaria may have died pre­
maturely due to secondary infections.
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Field application of Spicaria spores
The Spicaria spore suspension did not cause an increase 
Spicaria infection, nor did the suspension have a statis­
tically significant effect on the rate of infection by 
Massospora. Exactly why there was no increase in the inci­
dence of infection could not be determined, but several 
possibilities existed: 1) the spores were not virulent; that
seemed unlikely because they were collected from an area 
with an epizootic in progress, and 2) the type of suspension 
was not conducive to spreading the spores; this was a possi­
bility, because Gudaukas and Canerday (1966) obtained a 
lower rate of infection with a spore suspension than with 
the spores in a dust form.
Population estimations and the effect of insect 
parasites and fungal pathogens on these populations
In 196$, the general, population trends were indicated 
as having been approximately the same using the row-count and 
sweep-net data for the estimates. The estimates based on 
the row-count data were an average of about ten times great­
er than the estimates based upon the sweep-net data. The 
following discussion was based upon the estimates calculated 
from the sweep-net data because these were available for both 
years.
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Lacassine
In 196$, the ratio of larvae that were not attacked by 
insect parasites or Spicaria to the number of larvae col­
lected per 100 sweeps was fairly constant in all three 
generations (Table XIV). Insect parasitism was the major 
larval mortality agent throughout the season. Spicaria did 
not occur in the first generation, but was present in the 
second and third generations. The data indicated that these 
mortality agents exerted approximately the same amount of 
control on all generations.
In 1969, the ratio of larvae that were not attacked by 
parasites and Spicaria to the number of larvae collected per 
100 sweeps was not as constant among the generations as in 
196S (Table XV). There were higher survival ratios in the 
first, second, and third generations but in the fourth gene­
ration the survival, ratio was somewhat lower. The reduced 
rate'in overall parasitism in 1969 was responsible for the 
higher survival rate in the first three generations, while 
the reduced survival rate in the fourth generation was 
caused by the Spicaria epizootic.
Krotz Springs
In 196S, the ratio of larvae that were not attacked by 
parasites and Spicaria to the number of larvae collected per
Table XIV. Estimated number of larvae per acre, based upon 100 sweeps, and the
effect of parasitism and S. rileyi infection upon the looper population 
at Lacassine, Louisiana, in 1968.
Week
Number of •
larvae
per
1 00 sweeps
Number of 
larvae 
per 1/ 
acre
Number of 
larvae 2/ 
parasitized 
per acre
Number of 
larvae infected 
with 3. rilevi 
per acre
Number 
of ■
survivors 
per acre
1
2 0.7 254 142 0 112
3 2.4 871 624 0 247
Ave. per 
generation 1.6 581 370 0 211
4 3.5 1271 815 47 409
5 0.8 290 140 28 122
6 ' 1.0 363 121 •65 177
7 1 .1 399 193 58 148
Ave. per 
generation 1.6 581 282 67 232
3 1.1 399 200 20 179
oy 0.4 • 145 48 10 87
10 0.3 109 59 40 10
11 0.1 36 0s 0 27
Ave. per 
generation 0.5 182 73 22 87
17 The number of larvae per 100 sweeps (1.2 Sq. ft./sweep) times 363- 
2/ From per cent parasitism Table XX.
2/ From per cent S. rileyi infection Table X.II.
Table XV. Estimated number 
effect of parasi 
at Lacassine. Louisiana,
of larvae per acre, based upon 100 sweeps, and the
tism and S.*rileyi infection upon the looper population
in 1969»
Teek
Number of
larvae
per
100 sweeps
Number- of 
larvae 
per 1_/ 
acre
Number of 
larvae 2/ 
parasitized 
per acre
Number of 
larvae infected 
with S. rileyi 
per acre
Number
of
survivors 
per acre
1 0.3 109 45 0 64
2 0.3 290 97 0 193
3 0.3 290 106 0 134
4 0.3 109 20 0 39
Ave. per 
generation 0.6 213 71 0 147
5 0.5 132 29 0 153
6 0.3 109 26 0 S3
7 0.0 --
3 0.3 109 17 3 39
Ave. per 
generation 0.3 109 13 1 90
Qy 1.1 399 73 0 326
10 1.2 436 122 44 2?0
11 1.5 545 33 164 343 '
1 2 0.5 . 132 0 132 0
Ave. per 
generation. 1 .1 399 52 140 207
13 0.3 109 12 43 49
14 — —— — — — ~ — — --
1$ 0.1 36 0 36 0
Ave. per 
generation 0.2 73 4 53 16
j_/ The number of larvae per 100 sweeps (1.2 sq. ft, 
2./ From the per cent parasitism Table XX.
2/ From the per cent S. rileyi infection Table XII
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100 sweeps was constant among generations (Table XVI). The 
level of survival was higher than at Lacassine in 1963. The 
relatively low rate of parasitism and Spicaria infection 
were responsible for the higher survival ratio.
In 1969, the survival ratio was slightly higher than 
in 1963 in the second and third generations, and was lower 
in the fourth generation than in the two previous genera­
tions (Table XVII). The lower rate of parasitism in 1969 ' 
was responsible for the higher level of survival in the 
second and third generations while the reduced rate of 
survival in the fourth generation was caused by the Spicaria 
epizootic.
Bunkie
In 1963, the ratio of larvae that were not attacked by 
parasites and Spicaria to the number of larvae collected per 
100 sweeps was constant among generations. The level of 
survival per generation was higher than at Lacassine, but 
about equal to that of Krotz Springs in 1963. The early 
mortality was caused by parasites, and most of the latter 
mortality was caused by Spicaria (Table XVIII). Although 
the survival ratios per generation were about equal to those 
of Krotz Springs, the looper population at Bunkie reached a 
higher level of density. The exact reason for the more 
dense population at Bunkie could not be determined, but from
Table XVI. Estimated number of larvae per acre, based upon 100 sweeps, and the
effect of parasitism and S. rileyi infection upon the looper population 
at Krotz Springs, Louisiana, in ,1963.
Week
Number of
larvae
per
100 sweeps
Number of 
larvae 
per 1_/ 
acre
Number of 
larvae 2/ 
parasitized 
per acre
Number of 3/ 
larvae infected 
with S. rilevi 
per acre
Number
of
survivors 
per acre
1 ....
2 0.2 73 24 0 49
3
Ave. per
0.0 “
generation 0.1 36 12 0 24
4 _  _  _ — — - —
5 _  _ — — — —
6 1.6 p3l 149 0 432
7
Ave. per
1.3 472 , 137 0 335
generation 1.5 545 149 0 396
3 1.0 363 44 15 304
9 2.3 S3 5 236 24 525
10
Ave. per
6.2 2251 675 173 1393
generation 3.2 1162 296
/ j> r\ . /
53 303
T7 The number of larvae per 100 sweeps.(1.2 sq. ft./sweep) times 363* 
2/ From the per cent parasitism Table XXI.
3/ From the per cent S_. rileyi infection Table XIII.
Table XVII. Estimated.number of larvae per.acre, based upon 100 sweeps, and the
effect of parasitism and S. rileyi infection upon the looper population
_____________ at Krots Springs, Louisiana, in 1969*_____________ ______________________
Week
<_•» vs W W U W
Number of
larvae
per
100 sweeps
Number of • 
larvae 
per 1J 
acre
% -1-* * •
Number of 
larvae 2J 
parasitised 
oer acre
Number of 3/ 
larvae infected 
with S. rileyi 
per acre
Number
of
■survivors 
per acre
1 0.0 M. ——— ,_______, A
2 0.0 - ----. ---
3 0.0 --- — _
4 0.0 — — _ — ---
Ave. oer
generation 0.0 --- --- — — --- -
5 0.3 1C9 19 0 90
6 0.1 36 12 0 24
7 0.3 109 12 0 97
8 1.4 508 . 15 8 4$5
Ave.? per 
generation 0.5 182 30 3 149
o✓ 3-2 1162 191 16 955 •
10 8.2 2977 536 152 2289
11 9.8 . 3557 356 224 2977
12 28.7 10418 750 3115 6553
Ave. per 
generation 12.5 453$ 5$5 4$6 . 3467
13 6.8 2468 79 1547 842
14 1.0 363 45 182 136 .
15 0.0 — --- ---
Ave. per 
generation 2.6 944 75 532 337
T7 The number of larvae per 100 sweeps (1.2 sq.ft./sweep)times 363. 
2/ From the per.cent parasitism Table XXI.
3/ From the per-cent S. rileyi infection Table XIII.
Table XVIII. Estimated number of larvae per acre, based upon 100 sweeps, and the
effect of parasitism and S. rileyi infection upon the looper population
■___________at Bunkie. Louisiana, in 1 9 6 8 . __________________________________
Week
Number of
larvae
per
100 sweeos
Number of 
larvae 
per 2/ 
acre
Number of 
larvae 2/ 
parasitized 
oer acre
Number of 2/ 
larvae infected 
with S. rileyi 
uer acre
Number
of
survivors 
per acre
1
2'S ----- — - - —
3’ ----- - mm mm
4 0.1 36 9 0 2.7
5 0.1 3& 12 0 24
Ave. per 
generation 0.1 36 11 0 25
6 0.1: 36 2 0J 317 0.0 —  — . —Ao 0.2 73 10 27 36
9 0.6 218 26 32 160
Ave. per 
generation 0.2 73 8 15 50
10 1 .0 363 35 117 211
11 13.7 4973 318 826 3829
12 37.4 13576 760 530 12286
13 10.8 3920 133 898 2889
Ave. per 
generation
a / m t ___ ____________
15.7
___- r> *i____________
5699 359
i A O  —  «  X'wu i
1077
_______ -  —  \ ~ «  0 A 0
4263
1_/ The number of larvae per 100 sweeps (1.2 sq. ft./sweep) times 3&3 
2/ From the per cent parasitism Table XXII.
2/ From the per cent S. rileyi infection Table VIII.
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these data it appeared that larval mortality was not the sole 
control factor. There were several conditions which could 
have accounted for this difference: 1) the Krotz Springs
population was controlled by having a larger percentage of 
the eggs destroyed by the bean leaf beetle population in 1968,
2) the adults deposited a larger number of eggs at Bunkie 
than at Krotz Springs, 3) a larger percentage of the eggs 
deposited at Bunkie were fertile, and 4) there could have 
been an immigration of adult moths into the Bunkie area.
The survival ratio of the first generation in 1969 was 
higher,than that of the first generation at Krotz Springs, 
but 'was approximately the same in the two subsequent genera­
tions (Table XIX). Even though these two areas had equal 
survival ratios in the latter generations, the Bunkie pop­
ulation reached a higher level of density. In 1969, the 
Krotz Springs looper population did not have to compete 
with the bean leaf beetle, and the population expanded to 
a higher level of density than in 1968. However, the 
Spicaria epizootic reduced the ratio of larval survival in 
the fourth generation at Krotz Springs, thereby, preventing 
the population from becoming dense.
Before the epizootic, the two areas had comparable 
population densities, but only the Bunkie looper popula­
tion expanded to an economically important level. There 
are several possible reasons for the population increase at
Table XIX. Estimated number of larvae per acre, based upon 100 sweeps, and the effect
of parasitism, S. rileyi, and Massospora infaction upon the looper population
____________ at 3unkie, Louisiana, in 1969.  ’_________________________________ ' '
!\Teek
Number of
larvae
uer
100 sweeps
Number of 
larvae 
per 1J 
i acre
* y w •
Number of 
larvae 2/ 
parasitized 
per acre
Number 
larvae 
with S. 
per acr
Of 2 / 
infected 
rileyi
■e
Number of 2/ 
larvae infected 
with Massospora 
per acre
Number
of
survivors 
per acre
i 0.0 _ _
2 0.03 11 0 0 0 11
3 . . 0.03 11 0 0 0 11
4 0.1 36 0 0 0 36
Ave,. per
generation 0.04 15 0 0 0 - 15
5 0.1 36 9 0 0 27
6 0.1 36 12 0 0 24
7 0.1 36 5 0 0 31
8 0.9 327 35 7 28 257
Ave. per
generation 0.3 109 22 2 7 78
9 3.0 1089 94 0 153 842
10 3.9 1416 38 0 123 1255 •
11 19.2 6970 153 0 704 6113
12 161.3 58552 5094 586 12589 40283
Ave. per
generation 46.9 17025 953 170 2315 13587
13 187.‘4 68026 0 -•JO 58162 9864
14 12.3 4465 0 40 3362 1063
15 0.4 145 0 0 77 68
Ave. per
generation 66.7 24212 0 218 17287 6707
1_/ The number of larvae per 100 sweeps (1.2 sq. ft./sweep ) times 363* 
2J From the per cent parasitism Table XXII.
2/ From the per cent 2* rileyi and Massospora infection Table VIII.
Bunkie. 1) The adults, eggs, and/or pupae were destroyed 
at a higher rate at Krotz Springs than at Bunkie, 2) there 
was an immigration of adult moths into the Bunkie area,
3) the adults at Bunkie deposited a larger number of eggs, 
or 4) a larger percentage of the eggs deposited were 
fertile. The first condition seems to have been met in 
196S by the competition with the bean leaf beetle at Krotz 
Springs, but this condition did not exist in 1969, thus 
probably accounting for the higher density at Krotz Springs 
in 1969 than in 196S. The other conditions would require 
further study before confirmation of their existence.
The decline in the survival ratio of the fourth genera-, 
tion at Bunkie was caused by a Massospora epizootic. . The 
same decline would have been sho\'m to have existed in the 
196$ population if the mortality caused by Massospora had 
been recorded. This pathogen did not occur in the popula­
tion until a high level of density had been reached; there­
fore, it was not involved in the early control which 
preceded the population explosion. This pathogen was 
responsible for most of the mortality in the fourth genera­
tion.
CONCLUSIONS
Pseudoplusia includens (Walker) was the primary looper 
associated with soybean in southwest Louisiana, while 
Trichoplusia ni (HUbner) was of very minor importance. 
Pseudoplusia includens was responsible for the large 
infestations which resulted in extensive defoliation of 
the soybean plants in the cotton, corn, and soybean agri­
cultural ecosystem.
The cotton, corn, and soybean ecosystem had the lowest 
rate of parasitism of the three ecosystems studied. This 
coincided with heavy use of pesticides in that ecosystem. 
Reduction in per cent parasitism occurred at approximately 
the same time as the start of insecticide applications for 
cotton pests. It was therefore probable that the applications 
of insecticides in the adjoining fields were responsible for 
the reduction in parasites. The subsequent reduction in 
parasitism was a factor which permitted the looper popula­
tion to expand to an economically damaging level.
The cleared hardwood forest ecosystem had the next 
lowest rate of parasitism. This low rate of parasitism was 
approximately twice the rate of parasitism in the cotton, 
corn, and soybean ecosystem.
The rice agricultural ecosystem had the highest rate 
of parasitism. Parasitism was one of the main factors in 
keeping the looper population at a low level. This area
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had relatively low pesticide usage.
Seven species of insect parasites attacked the looper 
larvae. Copldosoma truncatellum and Apanteles scitulus were 
the predominant parasites while Lespesia aletiae was of 
lesser importance.
Two fungal pathogens, Spicaria rileyi (Farlow) Charles 
and Massospora sp. attacked the loopers. Spicaria was 
recorded in the three ecosystems while Massospora was 
associated with the dense P. includens populations in the 
cotton, corn, and soybean ecosystem.
The incidence of Spicaria did not follow a pattern as 
did parasitism. The occurrence of Spicaria in the looper 
populations was affected by the presence of velvet-bean 
caterpillar larvae which were also susceptible to Spicaria. 
Fjpizootics of Spicaria were evident in the looper and 
velvet bean caterpillar populations at Lacassine and Krotz 
Springs in 1969. While the dense velvet bean caterpillar 
populations were the primary hosts, the disease also affected 
the looper populations, and was responsible for a high per­
centage of the looper mortality at these sites. The Bunkie 
site had a low velvet bean caterpillar population in 1969, 
an^ Spicaria was not abundant in the looper population.
This‘pathogen was abundant in 1963 when very few velvet 
bean caterpillars were observed; therefore, Spicaria did not 
depend on the presence of the velvet bean caterpillar, but
in areas where the latter occurred the level of Spicaria 
infection was higher. The large amount of inoculum that 
was present caused an epizootic in the looper populations 
regardless of the density of loopers.
Spicaria did not appear in the looper populations 
until mid-July to early August, even though it was assumed 
to have been present in the soil year around. The lack of 
susceptible host larvae and favorable climatic conditions 
were probably responsible for its late occurrence. Spicaria 
appeared in all areas at about the same time within a given 
year regardless of differences in population densities; thus, 
climatic conditions seemed to be the important factor in 
initiation of the disease.
In laboratory test, the first four larval instars of 
incluiens v/ere susceptible to Spicaria while the remain­
ing instars were not affected. The pattern of larval instar 
susceptibility results agreed closely with those of 
previous x^orkers using T. rii larvae, but the percentage of 
infection was lower. Getzin (196I) obtained a level of 
infection which resembled these results at 90 per cent 
humidity; thus, low humidity may have been responsible for 
the reduced rate of infection.
The disease required an incubation period of approx­
imately 7 days. This long period of time would, render this 
pathogen undesirable for situations where immediate control
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is desired. The low level of infectivity in some instars 
would also reduce the effectiveness of this pathogen as a 
microbial insecticide for immediate reduction of a larval 
population. The application of Spicaria spores to a field 
population did not increase the incidence of this pathogen.
The ratio of larvae that were not attacked by insect 
parasites and Spicaria to the number of larvae collected 
per 100 sweeps was generally lower at Lacassine than at 
Krotz Springs and Bunkie. This lower survival rate was 
partially responsible for the population balances among 
generations at Lacassine. The survival ratios were approx­
imately the same at Krotz Springs and Bunkie in the earlier 
generations. Although the survival ratios were approximately 
the same, the population densities were not equal at the two 
sites; thus, the factor which permitted the Bunkie looper 
population to expand to such a high level must have been in 
one of the other life stages.
The occurrence of Massospora coincided with the high 
population levels at Bunkie and drastically reduced the 
survival ratio of the third and fourth generations of larvae. 
Although this pathogen was very effective, it did not occur 
in the population until the numbers of larvae had reached 
such a high level that extensive defoliation had occurred. 
However, if this pathogen had not occurred the soybean plants 
would have been totally defoliated. Because of the possible 
resistance of P. includens to insecticides, the occurrence of
this pathogen can be vital to the production of late-maturing 
varieties of soybeans in the cotton, corn, and soybean 
agricultural ecosystem.
The natural control agents; Spicaria, Massospora, and 
insect parasites play an important role in maintaining the 
looper populations at a level belov; the economic threshold 
in some areas but fail to exert enough pressure at others.
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APPENDIX
Table XX. The number of looper larvae collected at Lacassine in 1968 and 1969,
the number parasitized, and the per cent parasitized.
1968 1969
Number Number Per Number Number Per
of larvae of larvae cent of larvae of larvae cent
Week collected parasitized parasitized collected parasitierd parasitized
1 191 44 23 .2 41 17 41 .5
2 104 5# 55.8 27 9 33.3
3 102 73 71.6 30 11 36.7
4 128 82 64.1 33 6 18.2
5 • 157 76 4 8.4 153 24 15.7
6 39 13 33.3 17 4 23.5
7 62 30 4 8 .4 8 1 12.5
8 20 10 50.0 • 33 5 15.2 •
9 84 28 33.3 33 6 18.2
10 11 6 54.5 50 14 28.0
11 17 4 23.5 50 3 6.0
12 11 0 0.0
13 0y 1 11.1
15 2 0 0.0
Total 915 424 46.3 497 101 20.3
Table XXI. The number of looper larvae collected at Krotz Springs in 196$ and
1969, the number parasitized, and the. per cent parasitized.
196$ 1969
Number Number Per ■ Number Number Per
of larvae of larvae cent of larvae of larvae cent
TATeek collected parasitized parasitized collected parasitized parasitized
1t 14 3 21 .4 1 1 100.0
2 3 1 33.3 0 -
3 15 6 40.0 0 —
4 - — — — 1 0 0 0 .0
5 23 5 21 .7 17 2 17 .6
6 74 19 25.7 3 1 33.3
7 31- ' 9 29 .0 27 3 11.1
$ 49 6 12 .2 66 2 3.0 .•
9 105 36 34.3 140 . 23 1 6.4‘
10 253 76 3 0 . 0 117 21 18.0
11 190 19 10 .0
12 167 .12 7.2
13 1$5 6 3.2
u . 24 3 12.5
15 0 — — ---—
Total 567 161 2$. 4 93$ 94 10.0
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Table XXII. The number of looper larvae collected at Bunkie in 196$ and
1969, the number parasitized, and the per cent parasitized.
196$ 1969
Number Number Per Number Number Per
of larvae of larvae cent of larvae of.larvae cent
"fee k collected parasitised parasitized collected parasitized parasitized
1
2 6 2 33.3 ' — —
> 7 2 2 $ .6 1 0 0 .0
4 $ 2 2 5 .0 0 — ,
5 6 2 33.3 4 1 25 .0
6 22 1 4.5 3 1 33.3
7 -- — ---- $ 1 12.5
$ ‘ ■ 56 $ 14.3 47 5 10 .6 .
0s 117 14 12.0 93 $ 8 .6 .
10 57$ 56 9.7 1 $3 5 2.7
11 157 10 6 .4 13$ 3 2 .2
12 231 13 5.6 195 17 $.7
13
14
15
11$ 4 3.4 1 $5 
235 
15
0
0
0
0 .0
0 .0
0 .0
Total 1306 114 $.7 1107 41 3.7
Table XXIII. The number of looper larvae collected in 1000.,..sweeps., in each plot 
at Lacassine, Krotz Springs, and Bunkie from June 17 to September 
.13, 1963.
Lacassine Kr<otz.. Springs Bunkie
Plot-s
Average 
number of 
larvae oer Plots
Average 
number of 
larvae per Plots
Average 
number of 
larvae per
Yeek 1 2 3 Total 100 sweeps 1 2 3 Total 100 sweeps 1 . 2 3 Total 100 sweeps
1 mm mm
2 10 oy 2 21 0.7 0 0 5 5 0.2 _ mm —
3 23 32 12 72 2.4 0 0 0 0 0.0 — — — mm _  —
4 33 32 34 104 3.5 .1/ j,T 0 1 1 2 0.1
5 6 h 15 25 0.3 sjs * 'i' — 0 3 1 ■ 4 0.1
6 11 8 12 31 1.0 21 16 10 47 1.6 3 3 0.1 •
7 12 7 13 32 1.1 16 11 12 39 '1.3 0 0 0 0 0.0
8 12 6 14 32 1 . 1 9 9 11 29 1 .0 O/L 3 5 0.2
Qy 7 5 0 12 0.4 24 31 13 63 2.3 12 3 3 18 0.6
10
11
12
13
9
1
0
1
'I*
1
9
3
0.3
0.1
94 32 9 135 6.2 11
321
223
76
9
50
595
131
0
41
303
118
29 
412 
1121 
325
1 .0
13.7 
37.4
10.8
Bid not sample due to rain.
Based upon 600 sweeps instead of 1000.
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Table XXIV. The number of looper larvae collected in 1000 sweeps in each plot 
at Lacassine, Krotz Springs, and Bunkie from June 19, to September 
24, 1969.
Week
Plots 
1 2 3 Total
Average 
number of 
larvae per 
100 sweeps 1
Plots 
. 2  3 Total
Average 
number of 
larvae per 
100 sweeps 1 2 3 Total
Average 
number of 
larvae per 
100 sweeps
1 9 0 0 9 0.3 0 0 0 0 • 0 . 0 r*
2 1 2 22 25 0 . 8 0 0 0 0 0 .0 0 0 .0 0 0 .0
3 1 2 21 24 0 . 8 0 0 0 0 0 .0 1 0 0 0 0.03
4 1 2 7 10 0.3 0 0 0 0 0 .0 0 1 0 1 0.03
5 2 2 11 15 0.5 2 0 7 9 0.3 1 2 0 3 0.1
6 2 3 4 9 0.3 1 2 1 4 0.1 2 0 0 2 ■ 0.1
7 0 0 0 0 0 .0 4 6 0 10 0.3 At 2 0 3 0.1
3 3 1 4 8 0.3 10 31 0 41 1 .4 14 8 4 26 0.9
o/ 12 13 7 32 1.1 33 57 7 97 3.2 41 23 25 39 3.0
10 9 16 10 35 1.2 117 109 19 245 8.2 41 35 42 118 3.9
11 11 21 12 44 1.5 129 -130 ' 34 293 9.3 129 239 207 575 19.2
12 4 5 5 14 0.5 399 231 231 861" 28.7 1791 1577 1470 4333 161.3
13 0 0 10 10 0.3 82 37 84 203 ' 6.8 1720 1763 21 A0 5623 187.4
14 — - - — --------- 6 16 . 8 30 1.0 85 107 178 370 12.3
15 0 0 2 2 0.1 0 0 0.0 9 4 13 0.4
*** The plot was 100 per cent defoliated; therefore, no sample was taken.
Table XXV. Estimated number of larvae per acre, based upon row-counts, and the
effect of parasitism and S. rileyi infection upon the looper population 
at Lacassine, Louisiana, in 1968.
¥eek
Number of 
larvae 
per foot 
of row
Number of 
larvae 
per 1_/ 
acre
Number of 
larvae 2j 
parasitized 
per acre
Number of • 2/ 
larvae' infected 
with S. rileyi 
per acre
Number
of
■ survivors 
per acre
1 0.13 1888 438 0 1450
2 0 .0 6 $71 486 0 385
3 0.09 1307 936 0 371
Ave. per 
generation 0.09 1307 656 0 651
4 0.23 3340 2141 124 1075
5 0.50 7260 3514 711 3035
6 0.39 5663 1886 1014 2763
7 0.25 3630 1757 526 1347
Ave. per 
generation 0.34 4937 2399 56$ 1970
8 0.17 246$ 1234 123 1111
9 0.12 1742 580 124 1038
10 0.21 3049 1662 1109 278
11 0.26 3775 837 0 2888
Ave. per 
generation 0.19 2759 1112 447 1 200
1_/ The number of larvae per foot of row (36!T wide) times 14520. 
2/ From per cent parasitism Table XX.
2/ From per cent S. rileyi infection Table XII.
Table XXVI. Estimated number of larvae per acre, based upon row-counts, and the
effect of parasitism and _S. rileyi infection upon the looper population
at Krotz Springs, Louisiana, in 1968.
Week
Number of 
larvae 
per foot 
of row
Number of 
larvae 
per 3_/, . 
acre
Number of 
larvae 2/ 
parasitized 
per acre
Number of 2/ 
larvae infected 
’ with S. rilevi 
per acre
Number
of
survivors 
per acre
1 0.02 290 62 0 228
2 0.03 436 145 0 291
3 0.01 145 53 0 87
Ave. per 
generation 0.02 290 92 0 198
4 — . — . ■ —
5 --------— — — — — — —
6 0. A3 6244 1605 0 4639
7 ■ 0.31 4501 1305 0 3196
Ave. per 
generation 0.37 5372. 1472 0 3900
8 0.09 1307 160 54 1093
9 0.39 5663 1942 164 3557
10 0.6$ 943^ 2831 746 5861
Ave. per' 
generation 0.38 551S • 1407 276 3835
T7 The number of larvae per foot of row (36” wide) times 14520. 
2/ From the per cent parasitism Table XXI.
2/ From the per cent S. rileyi infection Table XIII.
vO
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Table XXVII. Estimated number of larvae per acre, based upon row-counts, and the
effect of parasitism and S. rileyi infection upon the looper population
at Bunkie, Louisiana, in 196$.'-
FJeek
Number of 
larvae 
per foot 
of row
Number of 
larvae 
per 1_/ 
acre
Number of 
larvae 2J 
parasitised 
■per acre
Number of js/ 
larvae infected 
with S. rileyi 
per acre
Number
of
survivors 
per acre
<4i
2 0.01 131 44 0 87
3 0 .04 523 150 0 373
4 --------— -------- — — — — — — —
5
Ave. per
0.01 131 44 0 37
generation 0.02 262 83 0 179
6 0.05 654 29 0 625
7 — — — — _  — — — — — — — —
8 • 0.15 1962 281 736 945 .
o
Ave. per
0.23 3009 361 436 2212
generation 0 .1 4 1831 189 317 1325
10 0.92 12035 1167 3375 6993
11 5.54 72469 4633 12029 55302
12 6.97 9117-5 5106 3556 82513
13
Ave. per
2.14 27993 952 6410 20631
generation 3.39 50385 3206 9617 38062
T7 The number of larvae per foot of row (40n wide) times 13081. 
2./ From the per cent parasitism Table XXII.
3J From the per cent. S. rileyi infection Table VIII.
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